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(54) rule: MODIFIED RELEASE. MULTIPLE UNIT DRUG DELIVERY SYSTEMS 

vo 

2 (57) Abstract: The invention relates to novel modified release multiple unit systems, and methods of preparing these systems, which 
^ can be easily compressed into tablets or filled into capsules or sachets without affecting the desired release characteristics of the phar- 
^ maceutical active ingredients incorporated within the systems. The multiple unit tablet includes multiple units. Each unit includes 
S core having an outer surface, a first coating layer suxiounding at least a portion of the outer sur&ce of the core and 

having an outer surfiace, one or more rate controlling polymers, and one or more one active phaimacendcal ingredients. The coating 
^ layer includes one or both of the one or more active phamtaoeutical ingredients and the one or more rate controlling polymers. The 
^ tablet may further include an outer layer on the outer surface of the unit which includes a material that is one or both of elastic and 
^ compressible. The material may be a wax materials, such as polyethylene glycol's (PEGS). 
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MODIFIED RELEASE, MULTIPLE UNIT DRUG DELIVERY SYSTEMS 

FmLD OF THE INVENTION 
The technical field of the invention relates to modified release multiple unit 
systems, and methods of preparing these systems, which can be easily compressed into 
tablets or filled into capsules or sachets without affecting the desired release 
characteristics of the pharmaceutical active ingredients incorporated withia the systems. 

BACKGROUND OF THE INVENTION 

The need to improve the clinical results of modified release formulations is well 
documented in the prior art. This is particularly important for drugs that have short half- 
lives, have region specific absorption, produce gastric irritation, or have other side effects 
at high plasma concentrations. One of tiie most common methods of achieving modified 
drug release involves the use of monolithic systems designed to have modified release 
characteristics. These monolithic systems vary firom osmotic drag delivery systems to 
bioerodible or non-erodible matrix based systems. 

Although a major portion of the modified release formulations currently presaribed 
are monolithic systems, they nonetheless suffer from a few serious drawbacks. Intentional 
or accidental breakdown of the delivery system is one of the limitations that may cause 
dose dumping. Dose dumping may lead to toxic or &tal effects, depending on the 
pharmaceutical compound. Further, the gastric emptying of the comparatively large 
monolithic systems is variable and is dependent on the presence or absence of food, as 
well as the type of food taken by the patient 

These disadvantages have prompted a shift in modified release technology from 
the use of monolithic systems to multiple unit systems, wherem each individual unit is 
formulated with modified release characteristics. The final dosage form consists of a 
collection of the multiple units, compressed into a tablet, or filled into a capsule or sachet. 
When administered, the individual units are dispersed freely into tiie gastrointestinal 
contents, avoiding the high local concentration of drug which may lead to irritation of 
gastrointestinal mucosa. Also, the performance of the dosage form is independent of inta:- 
and intra-patient variability in gastric emptying time because of the small size of the 
individual units that make up the system. This technology has the added advantages of (1) 
allowing the production of numerous doses and strengflis without the need for formulation 
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or process changes; (2) delivery of incompatible agents together in a single dosage form; 
and (3) deUvery of particles or individual units that have different release characteristics to 
achieve desiied release profile. 

Each individual unit of the multiple unit system is either: (a) an inert core or pellet 
5 coated with one or more layers of drug and other release controlling polymeric substances; 
or (b) a drug-containing core or pellet optionally coated witii one or more layers of release 
controlling polymeric substances. 

A common problem with modified release, multiple unit systems is the rupturing 
or cracking of the release controlling layers or membrane of the core, or the fragmentation 

10 of the core, due to the mechanical stress generated during the compression of cores or 
individual units into a tablet or filling into a capsule or sachet. Various approaches are 
described in the prior art for formulating multiple unit systems with a desired mechanical 
strength. For example, U.S. Patent No. 4,713,248 discloses a water-based fihn comprising 
a homogenous combination of a water dispersible fihn forming agent and a polymeric 

15 substance that forms a fihn over a controlled release multiple unit formulation containing 
an active substance. 

U.S. Patent No. 5,783,215 describes the use of inert and non-soluble cores of glass 
or sand particles and soluble cores, such as sugar spheres, which are cspoble of 
withstanding mechanical stress, in combmation with a plasticizing layer of a hydrophilic 
20 polymer containing the drug, optionally with additional layers of the polymer not 
containing the drug, layered between the core and the release controlling membrane. 

SUMMARY OF THE INVENTION 
In one general aspect there is provided a multiple unit dosage form that includes 
multiple units. Each unit includes at least one core having an outer surface; a first coating 
25 layer surrounding at least a portion of the outer surface of flie core and having an outer 
surfece, the coating lay^ including one or both of one or more active pharmaceutical 
ingredients and one or more rate controlling polymers; and an outer layer. The outer layer 
includes a mat^ial that is one or both of elastic and compressible. 

Embodiments of the multiple unit dosage form may include one or more of the 
30 following features. For example, the core may include the one or more rate controlling 
polymers. Thecoremay include the one or more active pharmaceutical ingredients. The 
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core may include the rate controlling polymer and the active pharmaceutical ingredient 
The first coating layer may include the one or more active pharmaceutical ingredients. 

The core may include one or more of sugar, a non-pareil seed, microcrystalline 
cellulose, ce^phere, sand silicon dioxide, glass, plastic, polystyrene, hydroxypropyl 
5 methylcellulose. The sugar may include one or more of glucose, mannitol, lactose, xylitol, 
dextrose, and sucrose. The core may include one or more of an insoluble material, a 
soluble material, and a swellable material. 

The rate controlling polymer may include one or more of ceUulosic polymers, 
methacrylic acid polymers, and waxes. The rate controlling polymer may include one or 
10 more of ethylcellulose, hydroxypropyl methylcellulose, hydroxypropyl cellulose, 
methylcellulose, caiboxymethylcellulose, hydroxymethylcellulose, and 
hydroxyettiylcellulose, hydroxyprop>4mefhyl phthalate, cellulose acetate phfhalate, and 
cellulose acetate trimellitate. 

The one or more active pharmaceutical ingredients may include one or more of 
15 antidepressants, antidiabetics, antiulcers, analgesics, antihypertensives, antibiotics, 

antipsychotics, antineoplastics, antimuscarinics, diuretics, antimigraine agents, antivirals, 
anti-inflammatory agents, sedatives, antihistaminics, antiparasitic agents, antiepileptics 
and lipid lowering agents. The one or more active pharmaceutical mgredients may include 
one or more of enals^nil, captopril, benazq>ril, lisinopril, ranitidine, fimiotidine, ranitidine 
20 bismuth citrate, diltiazem, propranolol, verapamil, nifedipine, acyclovir, ciprofloxacin, 
simvastatin, atorvastatin, lovastatin, venla&xine, citalopram, paroxetine, selegiline, 
mida2X)lam, fluoxetine, acarbose, buspirone, mmesuUde, cq)topril» nabumetone, 
glunepiride, gjtlpizide, etodolac, nefazodone and their phannaceutically acceptable salts. 
The one or more active pharmaceutical ingredients may be one or both of glipizide and 
25 venlafaxine or their salts. 

The multiple ucdt dosage form may furtfa^ include one or more additional layers. 
The additional layers are positioned between (a) one or more of the core and the first 
coating layer and (b) surroundmg at least a portion of tiie first coating lay^. The one or 
more additional layers include one or more of a seal coat, a film forming layer, a rate 
30 controlling polymer, and an active pharmaceutical ingredient The seal coat may be one or 
more of hydroxypropyl methylcellulose, polyvinyl pyrrolidone, and methacrylic acid 
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copolymers. The film foiming layer may be one or more of ethyl cellulose, 
hydroxypropyl methylcellulose, hydroxypropyl cellulose, mefliyl cellulose, 
caiboxymethylceUulose, hydroxymethylcellulose, hydroxyethylcellulose, hydroxypropyl 
methyl phthalate, cellulose acetate, cellulose acetate trimelli^te, cellulose acetate 
5 phthalate, waxes, polyethylene glycol, and methacrylic acid polymers. 

The multiple unit dosage form may further include an outer layer on flie outer 
surface of the unit and the outer surfece mcludes a material that is one or both of elastic 
and compressible. The material in the outer layer may be one or more wax materials. The 
wax material may be one or more polyethylene glycols (PEGs). The PEGs may differ by 

Id molecular weight. The polyethylene glycol (PEG) may be one or more of PEG 600, PEG 
4000, PEG 6000, PEG 8000, and PEG 20000. The waxy material may be from about 1% 
to about 15% by weight of the total tablet weight or from about 1% to about 100% by 
weight of the weight of the core and first coating layer. The waxy material may bci applied 
to each unit as a solution, sxispension, dispersion, or hot melt technique. The solution, 

15 suspension, or dispersion may be made using a solvent. The solvent may be one or more 
of methytene chloride, isopropyl alcohol, acetone, methanol, ethanol, and water. 

The active pharmaceutical ingredient may be glipizide and may be present in one 
or both of the core and the first coating layer. The multiple unit dosage form may fiirther 
include a buffering agent with the glipizide in one or both of the core and the first coating 
20 layer. The buJBFering agent may be one or more of dibasic sodium phosphate, sodium 
ascorbate, meglumine, sodium citrate trimethanolamine, sodium hydroxide, potassium 
hydroxide, calcium hydroxide, magnesium hydroxide, ammonia, tertiary sodium 
phosphate, diethanolamine, ethylenediamine, and Lrlysine. 

In the multiple unit dosage form, one or more of the core and the first coating layer 
25 may include one or more pharmaceutically acceptable exdpients. Thephaimaceutically 
acceptable excipients may include surfactants, binders, diluents, disintegrants, lubricants, 
glidants, plastidzers, stabilizers, and coloring agents. The surfru^tants may include one or 
more of a non-ionic surfactant, an ionic surfactant, mono fetty acid esters of 
polyoxyethylene sorbitan, polyoxyethylene (20) sorbitan monooleate (Tween 80), 
30 polyoxyethylene (20) sorbitan monostearate (Tween 60), polyoxyethylene (20) sorbitan 
monolaurate (Tween 20), an anionic surfactant, sodium lauryl sulfate, polyoxyethylene 
castor oil derivative, polyoxyethyleneglycerol triiricinoleate castor oil, polyoxyl 35 castor 
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oil, CremophorEL, and Vitamin E TPGS, d-alpha-tocopheryl polyethylene glycol 1000 
succinate, polyethoxylated fatty acids and their derivatives, polyethylene glycol 400 
distearate, polyethylene glycol - 20 dioleate, polyethylene glycol 4-150 mono dilaurate, 
polyethylene glycol -20 glyceryl stearate, alcohol - oil transesterification products, 

5 polyethylene glycol - 6 com oil, polyglycerized fetty acids, polyglyceryl - 6 pentaoleate, 
propylene glycol fatty acid esters, propylene glycol monocaprylate, mono and 
diglycerides, glyceryl ricinoleate, sterol and sterol derivatives, sorbitan fatty acid esters 
and their derivatives, polyethylene glycol - 20 sorbitan monooleate and sorbitan 
monolaurate, polyethylene glycol alkyl ether or phenols, polyethylene glycol - 20 cetyl 

10 ether, polyethylene glycol - 10 - 100 nonyl phenol, sugar esters, sucrose monopalmitate, 
polyoxyethylene - polyoxypropylene block copolymers, poloxamer, sodium caproate, 
sodium glycocholate, soy lecithin, sodium stearyl fumarate, propylene glycol alginate, 
octyl sulfosuccinate disodium, and palmitoyl carnitine. 

The binders may include one or more of methyl cellulose, hydroxypropyl cellulose, 
1 5 hydroxypropyl methylcellulose, polyvinylpyrrolidone, gelatin, gum arable, ethyl cellulose, 
polyvinyl alcohol, puUulan, pregelatinized starch, agar, tragacanth, sodium alguiate, and 
propylene glycol. The diluents may include one or more of calcium carbonate, calcium 
phosphate-dibasic, calcium phosphate-tribasic, calcium sulfate, macrocrystalline cellulose, 
silicifiedmicrocrystalline cellulose, cellulose powdered, dextrates, dextrins, dextrose 
20 excipients, fructose, kaolm, lactitol, lactose, mannitol, sorbitol, starch, starch 

pregelatinized, sucrose, sugar compressible, and sugar confectioners. The disintegrants 
include one or more of starch, croscarmellose, crospovidone, and sodium starch glycolate. 
The lubricants and glidants include one or more of colloidal anhydrous silica, stearic acid, 
magnesium stearate, calcium stearate, talc, hydrogenated caster oil, sucrose esters of fatty 
25 add, microcrystalline wax, yeUow beeswax, and wlute beeswax. The plasticizers include 
one or more of polyethylene glycol, triethyl citrate, triacetin, diethyl phthalate, and dibutyl 
sd)acate. The stabilizers include one or more of antioxidants, buffers, and acids. 

The multiple unit dosage form may finrther include one or more pharmaceutically 
acceptable excipimts around the individual units. The dosage form may be a tablet and 
30 die tablet may be formed by application of a conqpressive force. The dosage form may be 
a capsule. 
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The active phaimaceutical ingrediCTts of the multiple unit dosage fonn may be one 
or more of atorvastatin and amlodipine, metfonnin and glipizide, simvastatin and ramipril, 
simvastatin and amlodipine, metfomiin XL and glipizide XL, ramipril and atorvastatin, 
ramipril and amlodipine, metfonnin XL and glimiperide, fosinopril and amlodipine. 

5 ii another general aspect, there is provided a process for the preparation of a 

multiple unit dosage form. The process nicludes providing at least one core having an 
outer surface, formmg a coated core by ^plying one or more coating layers to the core 
such that the one or more coating layers surround at least a portion of the outer surface of 
the core or the coating layers, forming an individual unit by applying a waxy material to 

10 the coated core to form a wax layer, and combining one or more units to form a multiple 
unit dosage form. One or both of the core and the coatmg layers includes one or more rate 
controlling polymers and active pharmaceutical ingredients. 

Embodiments of the process may include one or more of tiie following features. 
For example, the process may further include applying one or both of a seal layer or a fihn 

1 5 forming layer between the core and the coating layer, between the one or more coatmg 
layers, and between flie one or more coating layers and the wax layer. The waxy material 
may be one or more polyethylene glycols (PEGs) of one or more molecular weights. The 
polyethylene glycols (PEG) may be one or more of PEG 600, PEG 4000, PEG 6000, PEG 
8000, and PEG 20000. The waxy material may be fiom about 1% to about 15% by weight 

20 of the total tablet weight The waxy material may be from about 1% to about 100% by 
weight of the weight of the core and the one or more coating layers. 

Applying the waxy material may include ^plying a coating of a solid waxy 
material by usmg a hot melt technique. Applying the waxy material may include applying 
a coating of waxy material by using as one or more of a solution, a suspension, and a 
25 dispersion. The solution or the suspension may be prepared in a solvent The solvent may 
be selected fix)m one or more of methylene chloride, isopropyl alcohol, acetone, methanol, 
ethanol, and water. 

The core may be an mert core. The core may include one or more 
phaimaceutically acceptable excipients. The core may include one or more active 
30 phaimaceutical ingredients. The one or more active pharmaceutical ingredients may be 
one or more of antidepressants, antidiabetics, antiulcers, analgesics, antihypertensives. 
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antibiotics, antipsychotics, antineoplastics, antimuscarinics, diuretics, antimigraine agents, 
antivirals, anti-inflammatory agents, sedatives, antihistaminics, antiparasitic agents, 
antiepileptics and lipid lowering agents. The one or more active pharmaceutical 
ingredients may be one or more of mslapnl^ captopril, benazepiil, lisinopril, ranitidine, 

5 famotidine, ranitidine bismuth citrate, diltiazem, propranolol, verapamil, nifedipine, 
acyclovir, ciprofloxacin, simvastatin, atorvastatin, lovastatin, venlafaxine, citalopram, 
paroxetine, selegiline, midazolam, fluoxetine, acarbose, buspirone, nimesulide, captopril, 
nabumetone, glimepiride, glipizide, etodolac, nefazodone and their pharmaceutically 
acceptable salts. In particular, the active phaimaceutical ingredient may be venlafaxine or 

10 glipizide. 

The core may be prq)ared by extrusion-spheromzatioa The extnision- 
spheronization process may include granulating an inert core material with or wifliout 
other phamiaceutical excipients with a bmder solution to form a wet mass, passing the wet 
mass through an extruder to form extrudates, and spheronizing the extrudates. The core 
15 may be prepared by granulation. The granulation process may include wetting a dry mix 
of core material with or without other pharmaceutical excipients with a binder solution. 

The units may be prepared by coating the cores with active phaimaceutical 
ingredients and rate controlling polymers. The units may be prepared by coating cores 
with a first layer comprising an active pharmaceutical ingredient and a second outa: layer 
20 comprising a rate controlling polymer. 

The process may further include applying a seal coat or a fihn fomung layer 
between the core and the subsequent layers. The process may further include qjplying a 
seal coat or a fihn fonning layer between a layer conq)rising an active pharmaceutical 
ingredient and a layer comprising a release rate controlhng polymer 

25 The rate controlling polymer may include one or more of cellulosic polymers, 

methacrylic acid polymers, and waxes. The rate controlling polymer may be one or more 
of ethylcellulose, hydroxypropyl methylcellulose, hydroxypropyl cellulose, 
methylcellulose, caiboxymethylcellulose, hydioxymethylcellulose, hydioxyethylcellulose, 
hydroxypropylmethyl phfhalate, cellulose acetate phfhalate, aujl cellulose acetate 

30 trimellitate. 
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In another general aspect, a method for preparing a modified release multiple unit 
dosage form includes providing a core having a coating, forming individual units by 
coating the coated core with a coating material that is one or both of compressible and 
elastic, and forming the dosage form by combining one or more individual units. One or 
both of the core and the coating may be one or more rate controlling polymers and one or 
more active pharmaceutical ingredients. 

Bnbodiments of the method of preparing a modified release multiple unit dosage 
form may mclude one or more of the followmg features, mcluding any one or more of the 
features described above. For example, the coating material may be a waxy material. The 
coating material may be a polyethylene glycol. Combining one or more individual units 
may include filling the individual units into a c^sule or sachet or compressing the 
individual units into a tablet. 

In another general aspect, a method of treating a medical condition includes 
administering a multiple unit tablet for oral ingestion. Each unit mcludes a core, one or 
more layers surrounding the core, and an outer layer. The core includes one or more of a 
phannaceutically acceptable excipient, an active pharmaceutical mgredient, and a rate 
controlling polymer. The one or more layers includes one or more of a phannaceutically 
acceptable excipient, an active pharmaceutical ingredimt, a rate controlling polymer, a 
sealing layer, and a film forming layer. The outer layer includes a material that is one or 
both of compressible or elastic to partially or completely absorb a compressive force 
exerted in combining the uxuts. 

Embodiments of tiie method of treating a medical condition may include one or 
more of the following features, including any one or more of the features described above. 
For exeanple, the material of the outer layer may be a waxy material. The waxy material 
may be one or more polyethylene glycols of different molecular weights. 

In another general aspect, a combination drug, multiple unit dosage form includes 
first units and second units. Each first unit includes at least one core having an outer 
surfece, a first coating layer smrounding at least a portion of the outer sur&ce of the core 
and having an outer sur&ce, and an outer layer surrounding at least a portion of an outer 
sur&ce of the first coating layer, the first coating layer including a first active 
pharmaceutical ingredient Each second unit includes at least one core having an outer 
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surface, a first coating layer surrounding at least a portion of the outer surface of the core 
and having an outer surfece, and an outer layer surrounding at least aportion of an outer 
surfece of the first coating layer, the first coating layer including a second active 
pharmaceutical ingredient. One or bofli of the cores and the coating layers may include 
5 the rate controlling polymer. One or both of the outer layers may include a waxy material. 

Embodiments of the combination drug, multiple unit dosage form may include one 
or more of the following features, including any one or more of the features described 
above. For example, waxy material may include one or more polyethylene glycols. 

In another general aspect, a multiple unit dosage form includes multiple units. 
10 Each unit includes at least one core having an outer surfece and comprising one or more 
one active pharmaceutical ingredients; and a coating layer surrounding at least a portion of 
the outer surfece of the core, having an outer surface and comprising a waxy material 

Embodiments of the dosage form may include one or more of the following 
features. For example, the waxy material may be one or more polyethylene glycols of 
15 different molecular weights. The dosage fomi may be a tablet or a c^sule. 

In ano&er general aspect, a multiple unit dosage form includes multiple units. 
Each unit includes at least one core having an outer surface and a first coating layer 
surrounding at least a portion of the outer surfece of the core and having an outer surfece. 
The coating layer includes gUpizide or its phacmaceutically acceptable salt and optionally 
20 one or more rate controlling polymers. 

In one embodiment, the pharmaceuticaUy acceptable salt comprises one or more of 
mineral acid salts, organic acid salts, and organosulphonic acid salts. 

In another general aspect, a modified release multiple unit system includes imits of 
25 glipizide. The units include an inert core; a drug layer surrounding the inert core, the drug 
layer including gUpizide; and a rate controlling polymer layer surrounding the drug layer. 

Embodiments of the modified release mult^le unit system may include one or 
more of the following features. For example, the system may be a tablet or a capsule. 

In another geaeral aspect, a modified release multiple unit system includes units of 
30 glipizide. The units include an inert core; a drug layer surrounding the inert core; a rate 
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controlling polymer layer surroimding the drug layer, and a waxy layer surrounding tiie 
drug layer. 

Embodiments of the modified release multiple unit system may include one or 
more of the following features. For example, the system may be a tablet or a c^sule. The 
units can be compressed into tablet, or filled into a capsule or a sachet; without affectmg 
the desired release characteristics of drug. 

Iq another general aspect, a modified release multiple unit system includes units of 
venlafaxme. The units include an inert core; a drug layer surrounding the inert core; and a 
rate controlling polymer layer surrounding the drug layer. 

Embodiments of the modified release multiple unit system may include one or 
moreof the following features. For example, the systOTi may be a tablet. The units can be 
compressed into tablet without affecting the desired release characteristics of drug. 

In another general aspect, a modified release multiple unit system includes units of 
venlafaxine. The units include an inert core; a drug layer surrounding the inert core; a rate 
controlling polymer layer surrounding the drug layer; and a waxy layer surrounding the 
rate controUing polymer layer. 

Embodiments of the modified release multiple unit system may include one or 
more of the following features. For example, the system may be a tablet The units can be 
compressed into tablet without affecting &e desired release characteristics of the 
venlafaxine. 

Ja another general aspect, a modified release multiple unit system comprises units 
of a drug. The units include an inert core; a drug layer surrounding the inert core; a rate 
controlling polymer layer surrounding the drug layer, and a waxy layer surrounding the 
rate controlling polymer layer. 

Embodiments of the modified release multiple unit system may include one or 
more of the following features. For example, the system may be compressed into tablet, 
or filled in c^sule or sachet without afifecting the desired release characteristics of drug. 

In another general aspect, a process for the preparation of a modified release 
multiple unit system of a drug includes the steps of coating inert pellets with a drug and 
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rate controlling polymer layer; coating with a waxy layer; optionally blending with 
phaimaceutically acceptable excipients; compressing into a tablet, or filling into a capsule 
or a sachet of suitable size. 

In another general aspect, a process for the preparation of a modified release 
multiple unit system of drug includes the steps of coating inert pellets witii a drug and rate 
controlling polymer layer, coating with a waxy layer, optionally blending with 
phaimaceutically acceptable excipients; and compressing into tablet of suitable size. 

Embodiments of the modified release multiple unit system may include one or 
more of the following features. For example, the drug may be venlafaxine or a 
pharmaceotically acceptable salt 

In another general aspect, a process for the preparation of modified release 
multiple unit system of drug includes the steps of coating drug containing cores with a rate 
controlling polymer layer; coating the rate controlling polymer layer with a waxy layer; 
optionally blending with pharmaceutically acceptable excipients; and compressing into a 
tablet, or filling into a capsule or a sachet of suitable size. 

The details of one or more embodiments of the inventions are set forth in the 
description below. Other features, objects, and advantages of the invention will be 
apparent from the description and claims. 

nF.TAn.TCn nRSn^TP^ON OF THE INVENTION 
As described above with respect to the difSculties associated with prior art 
compositions, there exists a need for universally applicable, multiple unit dosage form or 
systems of desired mechanical strength. The difficulties in the prior art are believed to be 
addressed by the techniques, compositions, and concepts described herein for a modified 
release, multiple unit system that can be easily compressed into a tablet or filled into a 
capsule or sachet without affecting the desired release characteristics of the drug. To 
address the above described probl^ns of the prior art associated with mechanical stress 
due to compression or filling, the inventors have found that there are benefits to providing 
an outermost coating of a waxy material to each unit of the multiple unit systems. The 
inventors have found that the plication of a coating of waxy material to each unit 
provides &vorable mechanical properties that withstand cracking. Specifically, the 
coating of waxy material wiflistands cracking of the release controlling membrane when 
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exposed to mechanical stress, for example, during compression into a tablet or filling into 
a c^sule or sachet. 

The inventors have implied the multiple unit dosage form or system technique, 
5 compositions, and concepts to active phannaceutical ingredients, including venlafaxine 
and glipizide. In so doing, the mventors have developed separate multiple unit dosage 
form or systems of venlafaxine and gUpizide that are in the form of controlled release 
tablets in which, the waxy layer is an optional component These venlafaxine and glipizide 
/ controlled release, multiple unit tablets that mclude coated pellets of venlafaxine or 
1 0 gUpizide, respectively, overcome the known problem of limited dosicig associated with 
capsules. The term "controlled release" as used herein includes any type of modified 
release such as prolonged release, delayed release, sustained release, extended release and 
the like. 

15 The waxy coating imparts a certam degree of elasticity or compressibility to the 

units and makes possible tiie conipression of the multiple units into tablets or filling into 
capsules or sachets without altering the dissolution profile and hence the bioavailability 
and desired clhiical effects. Further, this approach can be used over any types of pre- 
fimctional layers and irrespective of drug characteristics. Hence, the waxy coating 

20 provides a method for the preparation of modified or controlled release, multiple unit 
dosage forms or systems that include a final or outer coating of a waxy material and these 
units can be easily compressed into tablets, or filled into cq>sules or sachets without 
affecting the desired release characteristics of drug (e.g., dissolution profile, 
bioavailability, and clinical effects). In particular, the waxy layer can protect the release 

25 control polymer layer firom cracking during compression, for example, during the 
production of tablets. 

In genoral, the multiple units can be for use in any dosage forms, such as a tablet, 
C£^sule or sachet, and include a core or pellet, one or more layers around the pellet, and an 
30 outer waxy layer. The core or pellet can be entirely or partially an active phannaceutical 
ingredient or an inert material, or a combination of both. The layers around the core may 
include one or more release or rate controlling polymers and/or active pharmaceutical 
ingredients. The layers also may be in the form of sealing or fihn forming layCTS around 
or between the polymer and active pharmaceutical ingredients. The various layers and 
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core may optionally contain phannacetrtically acceptable excipients. The outer waxy layer 
may consist entirely of a waxy material or may be a mixture of a waxy material and one or 
more pharmaceutically acceptable functional excipients. 

The multiple units of the improved multiple unit systems may contain (1) inert 
pellets or cores or (2) drug containing pellets or cores in which the drug is incorporated 
within the pellets or cores. Cores and pellets generally are used interchangeably herein. 
The inert core of the improved miiltiple unit systems is either a commercially available 
product or prepared in the laboratory. The inert core may be of any geometric sh^e, 
although spherical beads have the advantage of providing ease of uniform coating. The 
bead diameter may vary from about 50 pm to 700 ^m. The pellet weigjht may vary from 
about 3% to about 40% by wei^t of the total tablet weight 

The commercially available inert cores include sugar spheres, non pariel seeds, 
celpheres and the like. The laboratory or otiierwise manufactured cores may be prepared 
according to any suitable method including: 

a. Bxtrusion-Spheronization: The inert core material with or without drug and 
other pharmaceutical excipients is granulated by addition of a binder solution. 
The wet mass is passed tbrou^ an extruder equipped with a screen. The 
extrudates are spheronized in a marumerizer. The resulting spheroids or pellets 
are dried and sieved for further applications. 

b. Granulation: The inert core material with or without drug and other 
pharmaceutical excipients is dry-mixed and then the noixture is wetted by 
addition of a binder solution in a high shear-granulator/mixer. The granules are 
kneaded after wetting by the combined actions of mixing and milling. The 
resulting granules or pellets are dried and sieved for further appUcations. 

The material fix)m which the inert pellet or core is prepared may be selected from 
one or more of pharmaceutically inert insoluble, soluble, and/or swellable mat^als, with 
or without pharmaceutically acceptable excipients. The insoluble inert core material may 
be, for ©cample, one or more of sand (silicon dioxide), glass, microcrystalline cellulose 
(e.g., celpheres) or plastic (e.g., polystyrene) material. The soluble inert core material may 
be, for exanq)le, one or more sugar such as glucose, mannitol, lactose, xylitol, dextrose. 
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sucrose, and the like. The swellable inCTt core material may be, for example, 
hydroxypropyl methylcellulose or a similar material. The core also can be a combination 
of two or more of these three general types of core materials. 

Alternatively, drag-containing cores can also be prepared by cort5)letely or 
partially r^lacing the inert core material with one or more active pharmaceutical 
ingredients in the above two methods of preparing inert cores. 

The improved, modified release multiple units may be prepared fiom inert cores by 
(a) coating the inert core with one or more drag and rate controlling polymer layers; or (b) 
coating the inert core with one or more drag layers and rate controlling polymo: layers 
separately. Both of these options may contain a seal or film coat between the inert core 
and the drag lay^ and/or between the drag layer and the rate controlling polymer layer. 

The improved, modified release multiple units also may be prepared from drag 
containing cores by (a) coating drag containing cores with rate controlling polymer; or (b) 
coating drag containing cores with drag and rate controlling polymer. Both of these 
options may contain a seal or film coat between the drag containing core and the polymer 
layer and/or over the polymer layer. The seal or fihn coat layer also can be formed 
between the drag containing core and the drag/polymer layer and/or over tiie 
drag/polymer layer. 

The improved, modified release units are finrther processed by applying a final 
layer of a waxy material over each unit prepared by the above processes. Although the 
appUcation of this waxy layer is the general rule, the inventors nonetheless have 
successfully formed tables fix)m multiple units without the waxy layer. This may be 
dependent on, for example, the active pharmaceutical ingredient of the tablet 

The modified release units prepared by any of the above methods can be mixed 
with other phaimaceutically acceptable excipients, to the extent required or desired, and 
compressed into tablets or filled into cq)sules and sachets using techniques known in the 
art for these purposes. The final tablets or cq>sules may optionally be coated, if desired. 

The drag layer of the improved multq)le unit tablet includes one or more active 
pharmaceutical ingredients, and optionally includes other phaimaceutically acceptable 
excipients. The drag layer may be allied as an aqueous or non-aqueous solution or 
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dispersion of drug in water or organic solvent, or mixtures thereof. The one or more drugs 
maybe selected from, for example, one or more of antidepressants, antidiabetics, 
antiulcers, analgesics, antihypertensives, antibiotics, antipsychotics, antineoplastics, 
antimuscarinics, diuretics, antimigraine agents, antivirals, anti-inflammatory agents, 
5 sedatives, antihistaminics, antiparasitic agents, antiepileptics and lipid lowering agents. 

Illustrative examples of drugs of the above classes include enal^ril, captopril, 
benazepril, lisinopril, ranitidine, famotidine, ranitidine bismuth citrate, diltiazem, 
propranolol, ver^amil, nifedipine, acyclovir, ciprofloxacin, simvastatin, atorvastatin, 
lovastatin, venlafaxine, citalopram, paroxetine, selegiline, midazolam, fluoxetine, 
10 acaifoose, buspirone, nimesulide, captopril, nabumetone, glimq>iride, glipizide, etodolac, 
ne&zodone and their pharmaceutically acceptable salts. 

The rate controlling polymer layer includes one or more polymers with or without 
other pharmaceutically acceptable excipients. This layer may be applied as an aqueous or 
non-aqueous solution or dispersion of polymers in a water or organic solvent Suitable 

15 rate controlling polymers include one or more of cellulosic polymers such as 

ethylcellulose, hydroxypropyl methylcellulose, hydroxypropyl cellulose, methylcellulose, 
carboxymethylcellulose, hydroxymethylcellulose, andhydxoxyethylcellulose; waxes; 
hydroxypropyfaneihyl phthalate; cellulose acetate phthalate; cellulose acetate trimellitate; 
and methacrylic acid polymers such as Eudragit ® RL and RS. The single drug and rate 

20 controlling layer may contain the above described drug and polymers in the same layer. 
Based on the desired release profile, the controlled release polymer layer weight may 
constitute from about 5% to about 75% of the total tablet weight. 

The waxy material may be selected from, for example, a range of polyethylene 
glycols (PEGs) of various molecular weights, such as PEG 600, PEG 4000, PEG 6000, 

25 PEG 8000, PEG 20000 and the like. In general, the waxy material should be at least of 
2q)proximately as con^ressible or elastic as PEG. The waxy material layer may 
constitute, for example, from about 1% to about 15% by wei^t of the total tablet weight, 
although the amount may be varied up or down if necessary* The amount of the waxy 
material may vary from about 1% to about 100% by weight of the weight of the core and 

30 coating layer or one or more coating layers. The waxy layer is ^jplied as a solution or 
suspension using any conventional coating technique known in the art, including spray 



15 



wo 03/103637 



PCT/IB03/02186 



coating in a conventional coating pan or fluidized bed processor, dip coating of each unit 
of a multiple unit system, or using a hot melt technique. 

The solvents used for making a solution, dispersion, or suspension of the waxy 
material may be selected from, for example, one or more of methylene chloride, isopropyl 
alcohol, acetone, methanol, ethanol, and water. In general, the solvent should adequately 
dissolve, disperse, or suspend whichever waxy material or materials is selected. 

The seal coat may include suitable polymers, such as hydioxypropyl 
methylcellulose, polyvinyl pyrrolidone, methacrylic acid copolymers and the Uke. The 
film forming coat or agents may include one or more of ethyl cellulose, hydroxypropyl 
methylcellulose, hydroxypropyl cellulose, methyl cellulose, caiboxymethylcellulose, 
hydroxymethylcellulose, hydroxyetiiylcellulose, hydroxypropyl methyl phthalate, 
cellulose acetate, cellulose acetate trimelliatate, cellulose acetate phthalate, waxes such as 
polyethylene glycol, and methacrylic add polymers such as Eudragit® RL and RS. 
Alternatively, the film forming layer or agents may be commercially available coating 
compositions including film-forming polymers marketed under various trade names, such 
as Opadry® . Film forming layers generally are provided for achieving a smooth sur&ce 
and better appearance. Seal layer generally are spplied to separate two inconipatible 
layers, provide protection from moisture, etc. M general, the film forming layers and the 
seal layers may be the same or similar polymers used in different combinations or 
concentrations. 

The other phannaceutically acceptable exdpients as used herein include 
surfactants, binders, diluents, disintegrants, lubricants, glidants, plasticizers, stabilizers and 
coloring agents. 

Suitable surfactants include one or more of non-ionic and ionic (i.e., cationic, 
anionic and Zwitterionic) surfactants suitable for use in pharmaceutical compositions. For 
example, suitable surfictants include non-ionic surfactants such as mono &tty acid esters 
of polyoxyethylme soibitan (e.g., polyoxyethylene (20) sorbitan monooleate (Tween 80), 
polyoxyethylene (20) soibitan monostearate (Tween 60), polyoxyethylene (20) soibitan 
monolaurate (Tween 20)); anionic sur&ctants (e.g., sodium lauiyl sulfate); 
polyoxyethylene castor oil derivatives (e,g., polyoxyethyleneglycerol triiricmoleate or 
polyoxyl 35 castor oil (Cremophor EL)); and Vitamin E TPGS (d-a^>ha-tocopher5d 
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polyethylene glycol 1000 succinate). Other suitable surfactants include polyethoxylated 
fatty adds and their derivatives (e.g., polye&ylene glycol 400 distearate, polyethylene 
glycol - 20 dioleate, polyethylene glycol 4-150 mono dilaurate, and polyethylene glycol - 
20 glyceryl stearate); alcohol - oil transesterification products (e.&, polyethylene glycol - 

5 6 com oil); polyglycerized fatty acids (e.g., polyglyceryl - 6 pentaoleate); propylene 
glycol fatty acid esters (e.g., propylene glycol monoc^rylate); mono and diglycerides 
(e.g., glyceryl ricinoleate); sterol and sterol derivatives; soibitan fatty acid esters and their 
derivatives (e.g., polyethylene glycol - 20 sorbitan monooleate and sorbitan monolaurate); 
polyethylene glycol alkyl ether or phenols (e.g., polyethylene glycol - 20 cetyl ether, 

10 polyethylene glycol - 10 - 100 nonyl phenol); sugar esters (e.g., sucrose monopahnitate; 
polyoxyethylene - polyoxypropylene block copolymers known as "poloxamer"); and ionic 
surfactants (e.g., sodium caproate, sodium glycocholate, soy lecithin, sodium stearyl 
fiimarate, propylene glycol alginate, octyl sulfosuccinate disodium, and palmitoyl 
carnitine). 

1 5 Suitable binders include one or more of methyl cellulose, hydroxypropyl cellulose, 

hydroxypropyl methylcellulose, polyvinylpyrrolidone, gelatin, gum arabic, ethyl cellulose, 
polyvinyl alcohol, pullulan, pregelatimzed starch, agar, tragacanth, sodium al^nate, 
propylene glycol, and the like. 

20 Suitable diluents include one or more of ca}cium caibonate, calcium phosphate- 

dibasic, calcium phosphate-tribasic, calcium sul&te, microcrystalline cellulose, silicified 
microcrystalline cellulose, cellulose powdered, dextrates, dextrins, dextrose exdpients, 
fructose, kaolin, lactitol, lactose, mannitol, sorbitol, starch, starch pregelatinized, sucrose, 
sugar compressible, sugar confectioners and mixtures thereof. 

25 Suitable disintegrants include one or more of starch, croscaimellose, crospovidone, 

sodium starch glycolate and the like. Suitable lubricants and glidants include one or more 
of colloidal anhydrous silica, stearic acid, magnesium stearate, caldum stearate, talc, 
hydrogenated caster oil, sucrose esters of fatty add, microcrystalline wax, yellow 
beeswax, white beeswax and the like. Suitable plasticizers include one or more of 

30 polyethylene glycol, triethyl citrate, triacetin, diethyl phthalate, dibutyl sebacate and flie 
like. Suitable stabilizers include one or more of antioxidants, buffers, adds and the like. 
Suitable coloring agents include any FDA approved colors for oral use. 
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The iiiq)ioved multiple unit systems described herein can be applied to most 
classes of drugs and most individual dmgs. For example, two particular drugs that would 
benefit firom an improved modified release multiple unit system are venlafaxine and 
glipizide. Venlafaxine is a potent inhibitor of neuronal serotonin and norepinephrine 

5 reuptake and is a weak inhibitor of dopamine reuptake. It is widely indicated for the 

treatment of depression and generalized anxiety disorder. The tenxx * Venlafaxine" as used 
herein includes venlafaxiae base as well as any phannaceutically acceptable salt thereof. 
Examples of pharmaceutically acceptable venlafaxine salts include venlafaxine 
hydrochloride. The venlafaxine layer weight may constitute from about 15% to about 

10 75% of the total tablet weight. 

Venla&xine has been administered in the form of immediate release compressed 
tablets in doses ranging fiiom 75 to 350 mg/day, in divided doses, two to three times a day. 
Such therapeutic dosing leads to wide fluctuations in the blood plasma levels of 
venlafaxine, with higih concentrations at one extreme leading to severe side effects, such as 
15 nausea and/or vomiting shortly after administration, and less than therapeutic levels at the 
other extreme. Moreover, requiring frequent administration of the drug (e.g., two to three 
doses per day) is associated with patient non-compliance. Most of these problems 
associated with frequent dosing can be overcome by formulating controlled or extended 
release dosage forms of venlafaxine. 

20 

Venlafaxine hydrochloride is available as an extended release, once per day 
cq>sule which is marketed by Wyeth under the trade name Bffexor® XR. This capsule 
q>pears to be described in U.S. Patent No. 6,274,171, which discloses an extended release 
formulation of venlafaxine hydrochloride that includes spheroids of venlafaxine 

25 hydrochloride, microcrystalline cellulose, and optional hydroxypropyl meflxylcellulose 
coated with a mixture of ethylcellulose and hydroxypropyl melhylcelhilose. These film- 
coated spheroids are filled into capsules. However, these ciqpsules suSec from a limitation 
that only a small number of coated beads or pellets can be put into a cq)sule of appropriate 
size that is convenient to swallow. Hence, there still exists a need for better controlled- 

30 release dosage forms of venlafaxine hydrochloride. 

GUpizide is an oral blood glucose-lowering drug and is indicated as an adjunct to 
diet for &e ccmtrol of hyperglycemia and its associated symptoms in patients with non- 
18 
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insulin dependent diabetes mellitus. Glipizide stimulates secretion of insulin from the beta 
cells of pancreatic islet tissue and also exhibits extra-pancreatic action, including die 
ability to increase the number of insulin receptors. Qiemically, ghpizide is N-[2-[4- 
[[[(cyclohexylanuno)caibonyl]anuno]sulfonyl]phenyl] ethyl]-5-methylpyrazine 
S carboxamide. Glipizide is a white, odorless powder with a pKa of 5 .9, and is insoluble in 
both water and alcohol These physicochemical properties of ghpizide demand special 
techniques to formulate a dosage form tbat can be used to adnunister the drug at a 
controlled and predetermined rate. 

Ghpizide is available in the form of extended release oral tablets from Pfizer and is 
10 marketed under the trade name Glucotrol® XL. The extended release tablets are an 

osmotic drug deUvery device that is based on push-pull tedmology. The deUvery device 
mcludes a bi-layered core tablet diat is coated with a semipermeable membrane having an 
orifice drilled on the coat for release of glipizide. The bilayered core tablet consists of a 
ghpizide layer and a push layer of swellable polymers. When placed in dissolution media 
15 or gastrointestinal fluid, the device absorbs water through the semipermeable membrane, 
which leads to a swelling of the polymers in the push layer. This exerts a physical force 
on the drug layer forcing it out of the device through the orifice. 

The glipizide layer of the pellets includes ghpizide with or without other one or 
20 more of the pharmaceutically inert excipients described above. Optionally, this layer also 
may contain bufEiajng agents. Buffers are used to maintain the pH of the ghpizide layer 
and/or local environment surrounding the controlled release particles above to thereby aid 
in dissolution of ghpizide in the dissolution media or gastrointestinal fluids. The buffering 
agents may be appUed as an aqueous or non-aqueous solution or dispersion of drug in 
25 water/organic solvent, or mixtures thereof Suitable buffering agents include one or more 
of dibasic sodium phosphate, sodium ascorbate, megilumme, sodium citrate 
trimethanolamine, sodium hydroxide, potassium hydroxide, calcium hydroxide, 
magnesium hydroxide, ammozua, tertiary sodium phosphate, dieOianolamine, 
efli^enediamine, and L-lysine. 

30 The inventors have developed improved multiple unit, controlled release tablets of 

venlafaxine that advantageously (1) can be administered in one half tablet or one half 
dosage and (2) can be prq)ared wifli a large amount of drug by compressing into a tablet 
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of acceptable size that is easy to swallow. When administ^ed, the controlled release 
tablet disintegrates rapidly into individual coated pellets of venlafaxine, which are 
dispersed into gastric fluid. Venlafaxine then is released in a controlled maimer over a 
prolonged period of time from the individual coated pellets. Use of small controlled 
5 release coated pellets (i.e., units) decreases the chaoces of dose dumping and the 
performance of the units is also largely independent of gastric emptying time. 

The improved multiple unit, controlled release tablet of venlafaxine can be 
prepared by processes known in the relevant art, e.g., comminutuig» mixing, granulating, 
sizing, filling, molding, spraying, immersing, coating, compressing, etc. 

10 In one of the embodiments, iaxpxoved^ multiple unit, controlled release tablets of 

venla&xine can be prepared by coating inert pellets or cores with one or more venla&xine 
layers which are further coated with a controlled release polymer layer. Optionally, the 
controlled release layer and/or venlafaxine layer may also be coated with a waxy layer to 
form the individual units. Further, these coated pellets or cores, or the units, may be 

IS blended with pharmaceutically acceptable excipients and compressed into suitably sized, 
multiple unit tablets. 

Alternatively, the improved, multiple unit, controlled release tablets of v^a&xine 
can be prepared by coating inert pellets or dores with a single layer of venla&xine and 
20 controlled release polymer. Optionally, the single layer of venlafiodne and polymer may 
be coated with a waxy layer to form the individual units. Further, these coated pellets or 
cores, or the imits, may be blended with pharaiaceutically acceptable excipients and 
compressed into suitably sized, multiple unit tablets. 

The coating layers over the inert pellets or cores, or over the tablet, may be applied 
25 as a solution or dispersion of coating ingredients using any conventional technique known 
in the prior art, such as spray coating in a convrational coating pan or fluidized bed 
processor, dip coating, and the like. Alternatively, the layers over the inert pellet or core 
may be applied using a hot melt technique. 

Optionally, fhe pellets or cores may be coated with one or more additional layers 
30 coinprising film forming or sealing agents and/or pharmaceutically acceptable excipients 
between the above layers, over any of fhe layers, or over the inert pellet or core. The 
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multiple unit tablets also may be further coated, if desired. Optionally, these additional 
coating layers over the tablet may comprise the active phannaceutical ingredient (e.g., 
venlafaxine, glipizide) for immediate release. These layers may comprise fihn forming or 
sealing agents with or without other phannaceutically acceptable excipients. 

5 The inq}roved, multiple unit systems described above are furflier illustrated by the 

following examples. Although tiiiese examples are illustrative of the techniques, 
compositions, and concepts described herein, they are not intended to be limiting. 
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EXAMPLE 1 

(A) Modified release nmltiple units: 





Example 1 
(wt/tablet) mg 


Inert Core 


Nonpariel seeds 


65 


Drug Layer 


Venla&xine hydrochloride 


171 (equivalent to 150 mg 
of venlafaxine) 


Magaesium stearate 


15 


Colloidal silica 


25 


Hydroxypropyl mefhylcellulose 


15 


Water 


q.s 


Rate controlling layer 


Ethyl cellulose 


93.12 


Hydroxypiopyl methylcellulose 


23.28 


Triacetm 


1% of total polymers 


Wax layer 


Polyethylene glycol 6000 


30.55 



5 Procedure: 

1 . V^afaxine was dissolved in water and colloidal silica and then magnesium steaiate 
and hydroxypropyl methylcellulose were added xmder stirring. 

2. Non-pareil seeds were loaded in a Glatt Wurster column and coated with the dmg 
dispersion of Step 1 . 

10 3. The drug coated pellets of Step 2 were coated with a mixture of ethyl cellulose and 
hydroxypropyl methylcellulose dissolved in a mixture of isopropyl alcohol and 
methylene chloride. 
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4. The coated pellets of Step 3 then were coated with a solution of PEG 6000 in 
methylene chloride. 

(B) Compressed tablet: 



5 



Ingredient 


Example 1 
(wt/tablet) mg 


Modified release multiple units of (A) 


438 


SiUcified microcrystalline cellulose 


217 


PEG 4000 


80 


Crospovidone 


90 


Magnesium Stearate 


5 



Procedure: The modified release multiple units of (A) were mixed with other excipients 
and compressed to form tablets. 

The compressed tablets prepared according to Example 1 had an acceptable 
10 hardness of about 7-1 3 Kp and disintegration times of about five minutes. Table 1 

illustrates the comparative release patterns in vitro for modified release multiple units and 
tablets prepared according to Example 1 . 
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Table 1. Comparative in vitro release patterns of modified release multiple units and 
tablets using USP apparatus - H, at 50 ipm and pH 6.8. 



Time 
(Hours) 


Cnmulative percent^e release of vcnlafaxine 


Modified release multiple units 


Tablets 


1 


14 


17 


2 


32 


33 


4 


59 


57 


6 


72 


69 


8 


82 


79 


12 


94 


91 


16 


100 


97 


20 


100 


100 



5 As shown in Table 1, the compression of modified release multiple units into tablets did 
not alter &e sustained release pattern of venlafaxine. 
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EXAMPLE! 

(A) Modified release multiple units: 





Example 2 
(wt/tablet) mg 


Inert Core 


Nonpariel seeds 


65 


Drug Layer 


Venlafaxine hydrochloride 


171 (equivalent to 150 mg 
of venlafaxine) 


Magnesium stearate 


13.5 


Colloidal silica 


19.7 


Hydroxypropyl methylcellulose 


13.5 


Water 


q.s 


Rate controlling layer 


Ethyl cellulose 


93 


Hydroxypropyl methylcellulose 


24 


Triacetin 


1% of total polymers 


Wax layer 


Polyethylene glycol 6000 


30 



5 Procedure: 

1 . Venlafaxine was dissolved in watCT and colloidal silica and then magnesium stearate 
and hydroxypropyl methylcellulose were added imder stirring. 

2. Non-pareil seeds were loaded in a Glatt Wurster column and coated with the drug 
dispersion of Step 1 . 

10 3, ThedrugcoatedpeUetsofStep2 were coated with a nodxture of ethyl ceUulosem^ 
hydroxypropyl methylcellulose that was dissolved in a mixture of isopropyl alcohol 
and methylene chloride. 
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4. The coated pellets of Step 3 then were coated with a solution of PEG 6000 in 
methylene chloride. 

(B) Compressed tablet: 



5 



Ingredient 


Example 2 
(wt/tablet) mg 


Modified release multiple units of (A) 


473 


Silicified microcrystalline cellulose 


288 


PEG 6000 


71 


Crospovidone 


102 


Magnesium Stearate 


6 



Procedure: The modified release multiple units of A were mixed with other excipients and 
compressed to form tablets. 

The compressed tablets prepared according to Example 2 had an acceptable 
10 hardness of about 7-13 Kp and disintegration times of about five minutes. Table 2 

illustrates the comparative release patterns in vitro for modified release multiple units and 
tablets prepared according to Example 2. 

Table 2. Comparative in vitro release patterns of modified release mxiltiple units and 
tablets using USP apparatus - n, at 50 ipm and pH 6.8. 
15 < 



Time 
(Honrs) 


Cmmilative percenta 


ge release of venlafaxine 


Modified release multiple 
units 


Tablets 


1 


7 


7 


2 


18 


20 


4 


43 


44 


8 


65 


71 


12 


75 


80 



As shown in Table 2, flie conqnression of modified release multiple units into tablets did 
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EXAMPLES 

(A) Modified release multiple units: 

5 





Example 3 
(wt/tablet) mg 


Inert Core 


Celpheres 


148 


Drug Layer 


Glipizide 


10 


Polyethylene glycol 


4.7 


Hydroxypropyl methylcellulose 


1.7 


Polyvinyl pyrrolidone 


3.0 


TweenSO 


0,5 


Lactose 


3.0 


Rate controlling layer 


Ethyl cellulose 


8 


Hydioxypropyl methylcellulose 


4 


Triacetin 


L3 


Talc 


0.4 


Wax layer 


Polyethylene glycol 6000 


13.9 



Procedure: 

1 . Polyethylene glycol^ hydroxypropyl methylcellulose, polyvinyl pyrrolidone, Tween 
and lactose were dissolved in water and glipizide then was dispersed in the solution. 
10 2. Celpheres were loaded in a GlattWurstercolunm and coated with the drug dispera^ 
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of Stq) 1. 

3. A solution of ethyl cellulose, hydioxypropyl methylcellulose and triacetin was 
prepared in a mixture of methylene chloride and isopiopyl alcohol into which talc was 
dispersed. 

4. The drug loaded pellets of Step 2 then were coated with the dispersion of Step 3 usiag 
a Glatt Wurster column. 

5. The coated pellets of Step 4 then were coated with a solution of PEG 6000 in mixture 
of isopropyl alcohol and methylene chloride. 



(B) Compressed tablet: 



Ingredient 


Examples 




(wt/tablet) mg 


Modified release multiple units of (A) 


197.4 


Silicified microoystalline cellulose 


122.4 


PEG 6000 


29.6 


Crospovidone 


43.4 


Magnesium Stearate 


2.0 



Procedure: The modified release multiple units of (A) were mixed with other exdpients 
and compressed to form tablet 

The compressed tablets prepared according to Example 3 had an acceptable 
hardness of about 8-10 Kp and disintegration time of about three minutes. Tables 3a and 
3b illustrate the comparative release patterns in vitro for modified release multiple units 
and tablets, respectively, prepared according to Example 3. 
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Table 3a, In vitro release pattern of modified release multiple units using USP apparatus 
- n, at 50 ipm and pH 7.5 



xime ^uuuiaj 


Cnmulative percentage release of glipizide 
from modified release multiple units 


1 


6 


2 


13 


4 


23 


8 


45 


12 


62 


16 


78 


20 


94 


24 


102 


Table 3b. In vitro release pattern of tablets using USP q>paratus - n, at SO rpm and 
7.5 


nme (Honrs) 


Cnmulative percentage release of glipizide 
from tablets 


0.3 


3 


13 


18 


6.3 


44 


10.3 


65 


14.3 


83 


18.3 


100 


22.3 


107 



As shovm in Tables 3a and 3b above» the compression of modified release multiple units 
10 into tablets did not alter the sustained release pattern of glipizide. 

The above examples illustrate that ttie techniques, compositions, and concepts 
described herdn can provide modified release multiple unit systems that can withstand the 
mechanical stresses of tablet formation without afifecting the desired release 
characteristics. 



15 
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EXAMPLES 4-7 

Additional formulations of controlled release tablets of venlafaxine prepared according to 
the compositions of Examples 4-7 are provided in Tables 4 and 5 



5 Table 4. Composition of coated pellets 





Example 4 

(wt/tablet) 
mg 


Example 5 

(wt/tablet) 
mg 


Example 6 

(wt/tablet) 
mg 


Example 7 

(wt/tablet) 
mg 


Inert peDets 


Non panel seeds 


65 


65 


65 


65 


Venlafaxine layer 


Venlafaxine hydiochloride 


171 


171 


171 


171 


Magaesium stearate 


13.5 


13.5 


13.55 


13.55 


Colloidal silica 


19.7 


19.7 


19.70 


19.70 


Hydioxypropyl methyl cellulose 


13.5 


13.5 


13.55 


13.55 


Water 


q.s 


q.s 


q.s 


q.s 


Controlled release polymer layer 


Ethyl cellulose 


81.42 


91.61 


101.77 


110.84 


Hydroxypropyl mefhjicelhilose 


20.35 


22.89 


25.44 


27.68 


Triacetin 


1.01 


1.14 


1.27 


1.38 


Waxy layer 


Polyefhjiene glycol 6000 


28.8 


30 


30.72 


33.27 



Procedure: 

1. A solution of venlafaxine hydrochloride was prepared in water. Colloidal silica, 
10 magnesium stearate and hydroxypropyl methylcellulose were added to the solution 

under stirring to form a uniform dispersion. 

2. Non pareil seeds were loaded in a Glatt Wurster column and coated with the drug 
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dispersion of Step 1. 

3. The veaolafexine coated pellets of Step 2 thea were coated with a solution of ethjd 
cellulose and hydroxypxopyl mettiylcellulose that was dissolved in a nuxture of 
isopropyl alcohol and methylene chloride. 
5 4. TTie coated peUetsofStep 3 then were coated with a solution of Polyethylene gjyc^^ 
6000 in isopropyl alcohol and me&ylene chloride. 



Table 5. Composition of controlled release venlafaxine tablets 



Ingredient 


Example 4 


Example 5 


Example 6 


Example 7 




(wl/tablet) 


(wt/tablet) 


(>ff/tablet) 


(wt/tablet) 




mg 


mg 


mg 


mg 


Coated Pellets 


459 


473 


450 


465 


Silicified microcrystaUme 
cellulose 


288 


288 


276 


285 


Polyetii^ene glycol 6000 


70 


71 


85 


89 


Crospovidone 


102 


102 


98 


100 


Magaesium Stearate 


6 


6 


6 


6 



10 



Procedure: 

The coated pellets were blended with silicified miciocrystalline cellulose, 
polyethylene glycol 6000, and crospovidone; lubricated with magnesium stearate; and 
compressed into suitably sized tablets. 

IS In vitro dissolution study 

The in vitro release of venlafaxine hydrochloride from controlled release tablets 
made according to the compositions of Examples 4-7 was studied in 900 ml of phosphate 
bufif^ (pH-6.8) using USP apparatus - n, at 50 rpm. The results of this testing are listed 
in Table 6. 
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Table 6: In vitro release of venlafaxme hydrochloride from controlled release tablets 



Time 
(Hours) 


Cumulative percentile (%) release of veniafaxine from tablets 


Example 4 


Example 5 


Example 6 


jiixampie 7 


1 


7 


7 


4 


3 


2 


24 


20 


12 


11 


4 


51 


44 


34 


30 


8 


79 


71 


57 


53 


12 


91 


80 


68 


64 


14 


95 


84 


72 


68 


16 


98 


88 


75 


71 


18 


101 


90 


76 


74 


20 


102 


91 


79 


76 


24 


102 


95 


82 


80 



Jn Vivo Bioavailability Study 

5 The in vivo perfoimance of venlafaxine hydrochloride tablets prepared as per the 

composition of Examples 4 and 5 were evaluated with respect to the Effexor® XR ISOmg 
cq)sules in 11 healthy male volmiteers under fasting condition. The study protocol 
followed was open randomized 3 treatment, 3 period, 6 sequence cross over study with a 
wash out period of at least 5 days. Blood samples were collected at appropriate time 

10 intervals over a period of 48 hours and venlafaxine content analyzed usmg a validated 
inhouse LCMS - MS method. Pharmacokinetic parametCTS Qnax (Maximum plasma 
concentration), Tn^x (Time to attain maximum plasma concentration), AUCo-t (Area under 
the plasma concentration vs time curve from 0 hours to the time of last sample collected) 
and AUCo-a (Area under the plasma concentration vs, time curve from 0 hours to infinity) 

15 w«» calculated from the data obtained. The results ofthe study are given in Table 7. 



32 



wo 03/103637 

Table 7. Comparative phamacokinetic data 



PCT/IB03/02186 



Pharmacokinetic parameter 


Tmax 

(h) 


Cmax 


AUCw 
aigAnl)(h) 


AUCo.« 
(Hgtol)(h) 


Tablets of Example 4 


4.85 


114.31 


1633.51 


1795.72 


Tablets of Example 5 


5.091 


130.56 


1813.84 


2006.79 


Effexor® XR capsules 


6.45 


99.92 


1719.49 


2406.27 



The controlled release tablets produced demonstrated comparable extent of 
absorption when compared to the reference Effexor® XR. It is within the skill of one 
ordinary skill in the art to develop a product with matching Cnmx and AUCo^t with respect 
to the reference product. The controlled release tablets can provide therapeutic blood 
concentrations of venlafaxine over a period of at least twenty four hours. 



Examples 8 and 9, described below, provide additional examples of controlled 
release, multiple unit formulations of gUpizide that deliver glipizide over twenty four 
hours. In contrast to Example 3 of a glipizide formulation having a waxy layer, these 
glipizide examples have the rate controlling polymer layer but not the waxy layer. 
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EXAMPLES 

Controlled release multiple units: 





Example 8 
(wt/tablet) mg 


Inert Core 


Celpheres 


148 


Drug Layer 


Glipizide 


10 


Polyethylene glycol 


4.7 


Hydioxypiopyl mefbylcellulose 


1.7 


Polyvinyl pyrrolidone 


3.0 


TweenSO 


0.5 


Lactose 


3.0 


Rate controlling layer 


Efhyl cellulose 


10 


Hydioxypiopyl methylcellnlose 


5 


Tiiacetin 


1.7 


Talc 


0.5 



5 Procedure: 

1 . Polyethylene glycol, hydioxypiopyl methylcellulose, polyvinyl pyrrolidone, 
Tween and lactose were dissolved in water and glipizide then was di^ersed in flie 
solution. 

2. Celpheies were loaded in a Glatt Wurstei column and coated witfi the drug 
10 dispersion of Step 1 . 

3. A solution of ethyl cellulose, hydioxypiopyl methylcellulose and triacetin was 
piepared in a mixture of methylene chloride and isopiopyl alcohol into which talc 
was disp^ed. 
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4. The dtug loaded pellets of Step 2 then were coated with the dispersion of Step 3 
using a Glatt Wurster colimm to prepare controlled release multiple units. 

Table 8 illustrates the comparative release patterns in vitro for the controlled 
release multiple imits prepared according to example 8. 



5 Table 8. In vitro release pattern of controlled release multiple units using USP apparatus 
- n, at 50 rpm and pH 7.5 



Tfane (Hours) 


Cumulative percentage release of glipizide from controDed 
release multiple units 


1 


10 


2 


18 


4 


29 


8 


46 


12 


62 


16 


74 


20 


89 


24 


98 
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EXAMPLE9 

Controlled release maltiple units: 





Example 9 
(wt/tablet) mg 


Inert Core 


Celpheres 


148 


Drug Layer 


Glipizide 


10.0 


Polyethylene glycol 


4.7 


Hydroxypiopyl mefhylceltulose 


1.7 


Polyvinyl pym)lidone 


3.0 


Tween 80 


0.5 


Lactose 


3.0 


Rate controlling layer 


Ethyl cellulose 


4.6 


Hydioxypropyl methylcellulose 


2.9 


Triacetin 


0.8 


Talc 


0.3 



5 Procedure: 

1 . Polyethylene glycol, hydroxypiopyl mefliylcellulose, polyvinyl pynolidone, 
lactose and Tween were dissolved in water and glipizide then was dispersed in the 
solutioiL 

2. Celpheres were loaded in a Glatt Wurster column and coated with the drug 
10 dispCTsion of Step 1 . 

3 . A solution of ethyl cellulose, hydroxypropyl methylcellulose and triacetin was 
prepared in a mixture of methylene chloride and isopropyl alcohol into which talc 
was dispersed 
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4- The drag loaded pellets of Step 2 then were coated with the dispersion of Step 3 
using a Glatt Wurster column to prepare controlled release multiple units. 

Table 9 illustrates the conq)arative release patterns in vitro for controlled release 
multiple units prepared according to Bxample 9. 



5 Table 9. Jn vitro release pattern for controlled release multiple units using USP ^paratus 
- n, at 50 ipm and pH 7.5 



Time (Hours) 


Camulative percentage release of glipizide from controlled 
release multiple units 


1 


26 


2 


37 


4 


55 


8 


74 


12 


86 


16 


93 


20 


97 


24 


98 



Tables 8 and 9 indicate that controlled release, multiple unit systems of glipizide 
1 0 can be prq)ared that can provide fhen^eutic blood concentrations of glipizide over a 
period of at least twenty four hours. 

While several particular forms of the inventions have been described, it will be 
apparent fSaat various modifications and combinations of the inventions detailed in the text 
can be made without departing from the spirit and scope of the inventions. For example, 

IS the waxy layer can, for example, afTect the release of the units, or a mixture of a waxy 
material and a functional material, such as an active pharmaceutical ingredient or a 
functional pharmaceutical excipient. The mixture of waxy material and active 
pharmaceutical ingredients may provide an irmnediate release of the active pharmaceutical 
ingredient in the mixture. The waxy layer can be designed based on, for example, 

20 thickness or material to impart rate controlling properties to the miits or pellets. The 
improved multiple unit systems also generally are intended for application to any active 
pharmaceutical ingredient and provide advantages to those that are primarily formulated as 
a cq)sule and/or are problematic to prepare as a tablet Moreover, the multiple unit 

37 



wo 03/103637 



PCT/IB03/02186 



systems can be prepared as a tablet, capsule, or sachet that includes a core and a coating of 
a waxy material. The core can consist of one or more active pharmaceutical mgredients 
and those phaimaceutically acceptable excipients necessary to form the core. The coating 
of waxy material allows the coated cores (i.e., units) to be compress as a tablet or filled 
into a capsule or sachet In this nianner, the dosage fomi can be immediate release. By 
adding a rate controlling polymer to the core, the dosage form can be an extended release. 
The dosage form also can be made fcom a mixture of immediate release and extended 
release imits to provide immediate and extended release of the one or more active 
pharmaceutical ingredients. 

Phannaceutically accq)table salts of venlafaxine and ghpizide may be used in the 
dosage forms, tablets, and capsules described herem. Phannaceutically acceptable salts of 
venlafaxine and glipizide include mineral add salts such as hydrochloride, hydroiodide, 
hydroflouride, sulphate, etc.; organic acid salts such as citrate, maleate, tartarate, etc.; and 
organosulphonic acid salts such as mes^ate, besylate, tosylate, etc. 

The improved multiple unit systems can be used to deliver combination drug 
products, such as conobinations of atorvastatin and amlodipine, metformin and glipizide, 
simvastatin and ramipril, simvastatin and anolodipine, metformin XL and glipizide XL, 
ramipril and atorvastatin, ramqml and amlod^ine, metformin ICL and glimiperide, 
fosinopril and andodipine. These combination drug products can be produced by 
separately forming individual units of each active pharmaceutical ingredient and then 
combining them into tablets, capsules, or sachets in a subsequent production stq>. In this 
maimer, each of the active pharmaceutical ingredients can be fabricated to sq)arately 
optimize the release of that active ingredient and then the final dosage form can be 
produced lhat has the desired ratio of each of the active ingredients. One or both of each 
of the active ingredients can be formed as units of one or more of an inmiediate release, a 
controlled release, a modified release, a delayed release, or an extended release form. 

Further, it is contemplated that any single feature or any combination of optional 
features of the inventive variations described herein may be specifically excluded fi:om the 
claimed inventions and be so described as a negative linaitation. Accordingly, it is not 
intended that the inventions be limited, except as by the appended claims. 
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WECXAIM: 



1 1 . A multiple unit dosage fonn comprising multiple units, each unit 

2 comprising: at least one core having an outer surface; 

3 a first coating layer surrounding at least a portion of the outer surface of ttie core 

4 and having an outer surface, the coating layer including one or both of one or more active 

5 pharmaceutical ingredients and one or more rate controlling polymers; and 

6 an outer layer, the outer layer comprising a material that is one or both of elastic 

7 and compressible. 

1 2. The multiple unit dosage fomi of claim 1, wherem the core mcludes the one 

2 or more rate controlling polymers. 

1 3. The multiple unit dosage form of claim 1, wherein the core includes the one 

2 or more active pharmaceutical ingredients. 

1 4. The multiple unit dosage form of claim 1 , wherein the core includes one or 

2 more of sugar, a non-pareil seed, microcrystalline cellulose, celphere, sand silicon dioxide, 

3 glass, plastic, polystyrrae, hydroxypropyl methylcellulose. 

1 5. The multiple unit dosage form of claim 4, wherein the sugar comprises one 

2 or more of glucose, mannitol, lactose, xyUtol, dextrose, and sucrose. 

1 6. The multiple unit dosage form of claim 1 , wh^ein the core comprises one 

2 or more of an insoluble material, a soluble material, and a swellable material. 

1 7. The multiple unit dosage form of claim 1, wherein the rate controlling 

2 polymer comprises one or more of cellulosic polymers, methacrylic acid polymers, and 

3 waxes. 

1 8. The multiple unit dosage form of claim 1 , wherein the rate controlling 



2 polymer con^prises one or more of ethylcellulose, hydroxypropyl methylcellulose, 

3 hydroxypropyl cellulose, methylcellulose, caiboxymethylcellulose, 

4 hydroxymethylcellulose, and hydroxyethylcellulose, hydroxypropyhnethyl phthalate, 

5 cellulose acetate phthalate, and cellulose acetate trimellitate. 

1 9. The multiple unit dosage form of claim 1, wherein flie one or more active 

2 pharmaceutical ingredients comprises one or more of antidepressants, antidiabetics. 
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3 antiulcers, analgesics, antihypertensives, antibiotics, antipsychotics, antineoplastics, 

4 antimuscarinics, diuretics, antimigraine agents, antivirals, anti-inflammatory agents, 

5 sedatives, antihistaminics, antiparasitic agents, antiepileptics and lipid lowering agents. 

1 10. The multiple unit dosage fonn of claim 1, wherein tiie one or more active 

2 pharmaceutical ingredients comprise one or more of enal^ril, captopril, benazepril, 

3 tisinopril, ranitidine, famotidine, ranitidine bismuth citrate, diltiazem, propranolol, 

4 ver^amil, nifedipine, acyclovir, ciprofloxacin, simvastatin, atorvastatin, lovastatin, 

5 venlafaxine, citalopram, paroxetine, selegiline, midazolam, fluoxetine, acarbose, 

6 buspirone, nimesulide, c^topril, nabumetone, glimq)iride, glipizide, etodolac, nefazodone 

7 and their pharmaceutically acceptable salts. 



1 11. The multiple unit dosage form of claim 1, wherein the one or more active 

2 pharmaceutical ingredients comprises one or both of glipizide and venla&xine or their 

3 salts. 

1 12. The multiple unit dosage form of claim 1, wherein the core includes the 

2 rate controlling polymer and the active pharmaceutical ingredient. 

1 13. The multiple tmit dosage form of claim 1, wherein the first coating layer 

2 furth^ includes the active pharmaceutical ingredient 

1 14. The multiple unit dosage form of claim 1, wherem the first coating layer 

2 mcludes the one or more active pharmaceutical ingredients. 

1 15. The multiple unit dosage form of claim 1, further comprising one or more 

2 additional layers, wherein the additional layers are positioned between (a) one or more of 

3 the core and the first coating layer and (b) surrounding at least a portion of the first coating 

4 layer, 

5 wherein the one or more additional layers comprise one or more of a seal coat, a 

6 fifan forming layer, a rate controlling polymer, and an active pharmaceutical ingredient 

1 16. The multiple unit dosage form of claim 15, wherein the seal coat comprises 

2 one or more of hydroxypropyl methylcellulose, polyvinyl pynolidone, and methacryUc 

3 acid copolymers. 
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1 17. The multiple unit dosage form of claim 15, wherein the fihn forming layer 

2 includes one or more of ethyl cellulose, hydroxypropyl methylcellulose, hydroxypropyl 

3 cellulose, methyl cellulose, carboxymelhylcellulose, hydroxymefhylcellulose, 

4 hydroxyethylcellulose, hydroxypropyl methyl phthalate, cellulose acetate, cellulose 

5 acetate trimelliatate, cellulose acetate phthalate, waxes, polyethylene glycol, and 

6 methacrylic acid polymers. 



1 18. The multiple unit dosage form of claim 1, wherein the material in the outer 

2 layer comprises one or more wax materials. 

1 19. The multiple unit dosage form of claim 18, wherein the wax material 

2 cortq>rises one or more polyethylene glycols (PEGs). 

1 20. The multiple tinit dosage form of claim 19, wherein the one or more 

2 polyethylene glycols (PEGs) differ by molecular weight. 

1 21 . The multiple unit dosage form of claim 20, wherein the polyethylene gilycol 

2 (PEG) comprises one or more of PEG 600, PEG 4000, PEG 6000, PEG 8000, and PEG 

3 20000. 

1 22. The multiple unit dosage form of claim 19, wh^^ the waxy material 

2 comprises from about 1% to about 15% by weight of the total dosage form weight 

1 23. The multiple unit dosage form of claim 19, wherein the waxy material 

2 comprises from about 1% to about 100% by weight of the weight of the core and the first 

3 coating layer. 

1 24. The multiple unit dosage form of claim 1 9, whereia the waxy material is 

2 appUed to each unit as a solution, suspension, dispersion, or hot melt technique. 

1 25. The multiple unit dosage form ofclaim 24, wh^in the solution, 

2 suspension, or dispersion is made using a solvent, 

1 wherein tiie solvit comprises one or more of mettiyl^e chloride, isopropyl 

2 alcohol, acetone, methanol, ethanol, and water. 
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1 26. The multiple unit dosage fonn of claim l,whCTein1hea^^ 

2 phannaceutical ingredient comprises glipizide and is in one or both of the core and the 

3 first coating layer. 

1 27. The multiple unit dosage form of claim 26, further comprising a buffering 

2 agent with the glipizide in one or both of the core and the first coating layer. 

1 28. The multiple unit dosage form of claim 27, wherein the buffering agent 

2 comprises one or more of dibasic sodium phosphate, sodium ascorbate, meglumine, 

3 sodium citrate trimethanolamine, sodium hydroxide, potassium hydroxide, calcium 

4 hydroxide, magnesium hydroxide, ammonia, terdaiy sodium phosphate, diethanolamine, 

5 ethylenediamine, and L-lysine. 

1 29. The multiple unit dosage form of claim 1, wherein one or more of the core 

2 and the first coating layer includes one or more pharmaceutically acceptable excipients. 

1 30. The multiple unit dosage form of claim 29, wherein the pharmaceutically 

2 acceptable excipients includes surfactants, binders, diluents, disintegrants, lubricants, 

3 glidants, plasticizers, stabilizers, and coloring agents. 

1 31. The multiple uiut dosage fonnofclaim 30, wherein the surEu^tants include 



2 one or more of a non-ionic sur&ctant, an ionic surfactant, mono fatty acid esters of 

3 polyoxyethylene sorbitan, polyoxyethylene (20) sorbitan monooleate (Tween 80), 

4 polyoxyethylene (20) sorbitan monostearate (Tween 60), polyoxyethylene (20) sorbitan 

5 monolaurate (Tween 20), an anionic surfactant, sodium lauryl sulfate, polyoxyethylene 

6 castor oil derivative, polyoxyethyleneglycerol triiricinoleate castor oil, polyoxyl 35 castor 

7 oil, Cremophor EL, and Vitamin E TPGS, d-alpha-tocopheryl polyefliylene glycol 1000 

8 succinate, polyethoxylated fatty acids and their derivatives, polyethylene glycol 400 

9 distearate, polyethylene glycol - 20 dioleate, polyethylene glycol 4-150 mono dilaurate, 

10 polyethylene glycol -20 glyceryl stearate, alcohol - oil transesterification products, 

1 1 polyethylene glycol - 6 com oil, polyglycerized fiatty acids, polyglyceryl - 6 pentaoleate, 

12 propylene glycol fatty acid esters, propylene glycol monocq>rylate, mono and 

13 diglycCTdes, glyceryl ricinoleate, sterol and sterol derivatives, sorbitan fetty acid esters 

14 and their derivatives, polyethylene glycol - 20 sorbitan monooleate and sorbitan 

15 monolaurate, polyethylene glycol alkyl ether or phenols, polyeQiylene glycol - 20 cetyl 

16 ether, polyethylene glycol - 10 - 100 nonyl phenol, sugar esters, sucrose monopalmitate. 
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1 7 polyoxyethylene - polyoxypropylene block copolymers, poloxamer, sodium caproate, 

1 8 sodium glycocholate, soy lecithin, sodium stearyl &marate, propylene glycol alginate, 

19 octyl sulfosuccinate disodium, and palmitoyl carnitine. 

1 32. The multiple unit dosage fonn of claim 30, wherein the binders includes 

2 one or more of methyl cellulose, hydroxypropyl cellulose, hydroxypiop)d mefliylcellulose, 

3 polyvinj^yrrolidone, gelatiQ, gum arable, ethyl cellulose, polyvinyl alcohol, puUulan, 

4 pregelatinized starch, agar, tragacanth, sodium alginate, and propylene glycol. 

1 33 . The multiple unit dosage form of claim 30, wherein the diluents include 



2 one or more of calcium caifoonate, calcium phosphate-dibasic, calcium phosphate-tribasic, 

3 calcium sulfate, microcrystalline cellulose, silicified microcrystalline cellulose, cellulose 

4 powdered, dextrates, dextrins, dextrose exdpients, fiuctose, kaolin, lactitol, lactose, 

5 mannitol, sorbitol, starch, starch pregelatinized, sucrose, sugar compressible, and sugar 

6 confectioners. 



1 34. The multiple unit dosage form of claim 30, wherein the disintegrants 

2 include one or more of starch, cioscarmellose, crospovidone, and sodium starch glycolate. 

1 35. The multiple unit dosage form of claim 30, wherein the lubricants and 

2 glidants include one or more of colloidal anhydrous silica, stearic acid, magnesium 

3 stearate, calciiun stearate, talc, hydrogenated caster oil, sucrose esters of fatty acid, 

4 microcrystalline wax, yellow beeswax, and white beeswax. 

1 36. The multiple unit dosage form of claim 30, wherein the plasticizers include 

2 one or more of polyethylene glycol, triethyl citrate, triacetin^ diethyl phthalate, and dibutyl 

3 sebacate and the stabilizers include one or more of antioxidants, buffers, and acids. 

1 37. The multiple unit dosage form of claim 1, wherein the dosage form • 

2 comprises a tablet. 

1 38. The multiple uxut dosage form of claim 37, wherein the tablet further 

2 includes one or more phaimaceutically acceptable excipients around the individual units. 

1 39. The multiple unit dosage form of claim 1 , wherein the dosage form 

2 comprises a capsule. 
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1 40. The multiple unit dosage form of claim 1» wherein the active 

2 pharmaceutical ingredients comprise one or more of atorvastatin and amlodipine, 

3 metformin and glipizide, simvastatin and ramipril, simvastatin and amlodipine, metformin 

4 XL and glq)izide XL, ramipril and atorvastatin, ramipril and amlodipine, metformin XL 

5 and glimiperide, fosinopril and amlodipine. 



1 41 . A process for the preparation of a multiple unit dosage form, tiie process 

2 conq)rising: 

3 providing at least one core having an outer surface; 

4 forming a coated core by applying one or more coating layers to the core such that 

5 the one or more coating layers surround at least a portion of the outer surfisu^e of the core 

6 or the coating layers; 

7 forming an individual unit by applying a waxy material to the coated core to form a 

8 wax layer, 

9 combining one or more units to form a multiple unit dosage form, 

10 wherein one or both of tihe core and the coating layers includes one or more rate 

1 1 controlling polymers and active pharmaceutical ingredients. 

1 42. The process of claim 41, further comprising q)plying one or both of a seal 

2 layer or a film forming layer between the core and the coating layer, between the one or 

3 more coating layers, and between the one or more coating layers and the wax layer. 

1 43. Theprocessof claim 41, wherein the waxy material conqprises one or more 

2 polyethylene glycols (PEGs) of one or more molecular weights. 

1 44. The process of claim 43, wherein the polyethylene glycols (PEG) comprise 

2 one or more of PEG 600, PEG 4000, PEG 6000, PEG 8000, and PEG 20000. 

1 4S. Theprocessof claim 41, wherein the waxy material comprises fiom about 

2 1% to about 15% by weight of the total dosage foim weight 

1 46. The process of claim 41, wherein the waxy material comprises &om about 

2 1% to about 100% by weig^ of the weight of the core and the one or more coating layers. 

1 47. The process of claim 41 , wherein applying the waxy material conq>rises 

2 flying a coating of a solid waxy material by using a hot melt technique. 
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1 48. The process of claim 41 , wherein applying the waxy material comprises 

2 qiplying a coating of waxy material by using as one or more of a solution, a suspension, 

3 and a dispersion. 

1 49. The process of claim 48, wherein the solution or flie suspension is prepared 

2 in a solvent. 

1 50. The process of claim 49, wherein the solvent is selected from one or more 

2 of methylene chloride, isopropyl alcohol, acetone, methanol, ethanol, and water. 

1 51. The process of claim 41, wherem the core comprises an inert core. 

1 52. The process ofclaim 41, wherein the core comprises one or more 

2 phaimaceutically acceptable excipients. 

1 53. The process of claim 41, wherein the core comprises one or more active 

2 pharmaceutical ingredients. 

1 54. The process of claim 41, wherein the one or more active pharmaceutical 



2 ingredients comprises one or more of antidepressants, antidiabetics, antiulcers, analgesics, 

3 antihypertensives, antibiotics, antipsychotics, antineoplastics, antimuscarinics, diuretics, 

4 antimigraine agents, antivirals, anti-inflammatory agents, sedatives, antihistaminics, 

5 antiparasitic agents, antiepileptics and lipid lowering agents. 

1 55. The process ofclaim 41, wherein the one or more active pharmaceutical 

2 ingredients comprise one or more of enalapril, cq>topril, benazepril, lisinopril, ranitidine, 

3 famotidine, ranitidine bismuth citrate, diltiazem, propranolol, verapamil, nifedipine, 

4 acyclovir, ciprofloxacin, simvastatin, atorvastatin, lovastatin, venlafaxine, citalopram, 

5 paroxetine, selegiline, midazolam, fluoxetine, acarbose, buspirone, nimesulide, captopril, 

6 nabumetone, glimepiride, gUpizide, etodolac, nefazodone and their pharmaceutically 

7 acceptable salts. 

1 56. Theprocessof claim 41, wherein the core is prepared by octrusion- 

2 spheronization. 

1 57. The process of claim 56, wherein the extnision-spheronization process 

2 comprises: 
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3 granulating an inert core material with or without other pharmaceutical exdpients 

4 with a binder solution to form a wet mass; 

5 passing the wet mass throug|i an eiTCtruder to form extrudates; and 

6 spheronizing the extrudates. 

1 58. The process of claim 41, wherem the core is prepared by granulation, 

1 59. The process of claim 58, wherein the granulation process comprises wetting 

2 a dry mix of core material with or without other pharmaceutical excipients with a binder 

3 solution. 

1 60. The process ofclaim 41, wherein the units are prq)ared by coating the 

2 cores with active pharmaceutical ingredients and rate controlling polymers. 

1 61. The process ofclaim 41, wherein the units are prepared by coating cores 

2 with a first layer comprising an active pharmaceutical ingredient and a second outer layer 

3 comprising a rate controlling polymer. 

1 62. The process of claim 41, further comprising applying a seal c^^ 

2 forming layer betv^een the core and the subsequent layers or between a layer comprising 

3 an active pharmaceutical ingredient and a layer comprising a release rate controlling 

4 polymer 

1 63. The process ofclaim 41, wherein the rate controllmg polymer comprises 

2 one or more of cellulosic polymers, mefhacrylic acid polymers, waxes, ethylcellulose, 

3 hydroxypiopyl mediylcellulose, hydroxypropyl cellulose, metfaylcellulose, 

4 caiboxymethylcellulose, hydroxymethylcellulose, and hydroxyethylcellulose, 

5 hydroxypropylmethyl phthalate, cellulose acetate phthalate, and cellulose acetate 

6 trimellitate. 

1 64. The process ofclaim 41, wherein the active pharmaceutical ingredient 

2 conqnises venla&xine. 

1 65 . The process of claim 41, wherein the active pharmaceutical ingredient 

2 comprises glipizide. 

1 66. The process ofclaim 41, wherein the dosage form comprises a tablet. 
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1 67. The process of claim 41, wherein the dosage fonn comprises a cqpsule. 

1 68. A method for preparing a modified release multiple unit dosage form, the 

2 method conqirising: 

3 providii^ a core having a coating, wherein one or both of the core and the coating 

4 include one or more of rate controlling polymers and active pharmaceutical ingredients; 

5 forming individual units by coating the coated core with a coating material that is 

6 one or both of compressible and elastic; and 

7 forming the dosage form by combining one or more individual units. 

1 69. The method of claim 68, wherein combining one or more individual units 

2 comprises compressing the individual units into a tablet 

1 70, The method of claim 68, wherein combining one or more individual units 

2 comprises filling the individual units into a capsule or sachet. 

1 71. The method ofclaim 68, wherein the coating material comprises a waxy 

2 material. 

1 72. The method ofclaim 68, wfaei^ the coating material conqirises a 

2 polyethylme glycoL 

1 73. A method of treating a medical condition, the method comprising 

2 administering a multiple unit dosage form for oral ingestion, each unit comprising a core, 

3 one or more layers surrounding flie core, and an outer layer, wherein 

4 the core comprises one or more of a pharmaceutically acceptable excipients, an 

5 active pharmaceutical ingredient, and a rate controlling polymer, 

6 the one or more layers comprises one or more of a phanxiaceutically acceptable 

7 racipient, an active pharmaceutical ingredient, a rate controlling polymer, a sealing lay^, 

8 and a film forming layer, and 

9 the outer lay^ comprises a material that is one or both of compressible and elastic 

10 to partially or conq)letely absorb a force exerted in forming the multiple unit dosage form 

11 by combining the units. 

1 74. The method of claim 73, wherein the material of the outer layer comprises 

2 a waxy material 
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1 75. The method of claim 74, wherein the waxy material comprises one or more 

2 polyethylene glycols of differrat molecular weights. 

1 76. The method of claim 73, wherein the dosage form comprises a tablet 

I 77. The method of claim 73, wherein the dosage form comprises a capsule. 

1 78. A multiple unit dosage form comprising multiple units, each unit 

2 comprising: 

3 at least one core having an outer surface and comprising one or more one active 

4 pharmaceutical ingredients; and 

5 a coating layer surrounding at least a portion of the outer surface of &e core, 

6 having an outer sur&ce and comprising a waxy material. 

1 79. The multiple unit dosage form of claim 78, wherein the waxy material 

2 comprises one or more polyethylene glycols of different molecular weights. 

1 80. The multiple unit dosage form of claim 78, wherein the dosage form 

2 comprises a tablet 

1 81. The multiple unit dosage form of claim 78, wherein the dosage form 

2 comprises a capsule. 

1 82. A combination drug, multiple unit dosage form comprising: 

2 first imits; and 

3 second units, 

4 each first unit comprising at least one core having an outer sur&ce, a first 

5 coating layer surrounding at least a portion of the outer sur&ce of the core and 

6 having an outer sur&ce, and an outer layer surrounding at least a portion of an 

7 outer sur&ce of the first coating layer, the first coating layer including a first active 

8 pharmaceutical ingredient, 

9 each second unit comprising at least one core having an outer surface, a 

10 first coating layer surrounding at least aportion of the outer surface of tiie core and 

11 having an outer sur&ce, and an outer layer surrounding at least apcntion of an 

12 outer surface of the first coating layer, the first coating layer including a second 

13 active pharmaceutical ingredient. 
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14 wherein one or both of fhe cores and fhe coating layers comprise a rate 

15 controlling polymer, and 

16 one or both of the outer layers comprise a waxy material,. 

1 83. The combination drug, multiple unit dosage form of claim 82, wherein the 

2 waxy material comprises one or more polyethylene glycols. 

1 84. The combination drug, multiple unit dosage form of claim 82, wherein the 

2 dosage form comprises a tablet. 

1 84. The combination drug, multiple unit dosage form of claim 82, wherein the 

2 dosage form comprises a capsule. 

1 85. A multiple unit dosage form comprising multiple units, each unit 

2 comprising: 

3 at least one core having an outer sur&ce; 

4 a first coating layer surrounding at least a portion of the outer sur&ce of the core 

5 and having an outer sur&ce, the coating layer including glipizide or its pharmaceutically 

6 acceptable salt and optionally one or more rate controlling polymers. 

1 86. The multiple unit dosage form of claim 85, wherein the pharmaceutically 

2 acceptable salt comprises one or more of mineral acid salts, organic acid salts, and 

3 organosulphonic add salts. 

1 87. The multq)le unit dosage form of claim 85, wherein the core includes one 

2 or more of sugar, a non-pareil seed, microcrystalline cellulose, celphere, sand silicon 

3 dioxide, glass, plastic, polystyrene, hydroxypropyl methylcellulose. 

1 88. The multiple unit dosage form of claim 87, wherein the sugar comprises 

2 one or more of glucose, mannitol, lactose, xyUtol, dextrose, and sucrose. 

1 89. The multiple umt dosage form ofclaim 85, wherein tiie core coxnprises one 

2 or more of an insoluble material, a soluble material, and a swellable matmal. 

1 90. The multiple umt dosage fcmnofclaim 85, wherein &e rate control^ 

2 polymer comprises one or more of cellulosic polymers, methaorylic add polymers, waxes, 

3 ethylcelhilose, hydroxypropyl methylcellulose, hydroxyprop^d cellulose, methylcellulose. 
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4 caiboxymethylcellulose, hydroxymethylcelMose, and hydroxyethylcellulose, 

5 hydioxypropylmethyl phlhalate, cellulose acetate phthalate, and cellulose acetate 

6 trimellitate. 

1 91, The miiltiple unit dosage fonnofclaim 85, wherein the core includes rate 

2 controlling polymer and glipizide. 

1 92. The niultipleumt dosage fonnofclaim 85, further comprising one or more 

2 additional layers, wherein the additional layers are positioned between (a) one or more of 

3 the core and the first coating layer and (b) surrounding at least a portion of the first coating 

4 layer, 

5 wherein the one or more additional layers comprise one or more of a seal coat, a 

6 fihn forming layer, a rate controlling polymer, and an active pharmaceutical ingredient. 

1 93. The multiple unit dosage form ofclaim 92, wherein the seal coat comprises 

2 one or more of hydioxypropyl methylceUulose, polyvinyl pynoUdone, and methacrylic 

3 acid copolymers and the film forming layer comprises one or more of ethyl cellulose, 

4 hydroxypropyl methylceUulose, hydroxypropyl cellulose, methyl cellulose, 

5 carboxymethylcellulose, hydroxymethylcellulose, hydroxyethylcellulose, hydroxypropyl 

6 methyl phthalate, cellulose acetate, cellulose acetate trimelliatate, cellulose acetate 

7 phthalate, waxes, polyethjiene glycol, and methacrylic add polymers. 

1 94. The multiple unit dosage form ofclaim 85, further comprising an outer 

2 layer, the outer layer comprising a material that is one or both of elastic and conq)ressible. 

1 • 95. The multiple unit dosage fonnofclaim 94, wherein the material in flhe 

2 outer lays: coaqnises one or more wax materials. 

1 96. The multiple unit dosage form ofclaun 95, wherein the wax material 

2 CQnq>rises one or more polyethylene glycols (PEGs). 

1 97. The multiple unit dosage form ofclaim 85, further comprising a buffering 

2 agent with the glipizide in the first coating layer. 

1 98. The multiple unit dosa^ form 97, herein the buffering agent conqjrises 

2 one or more of dibasic sodium phosphate, sodium ascoibate, meglumine, sodium citrate 

3 trimethanolamine, sodium hydroxide, potassium hydroxide, calcium hydroxide, 
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4 magnesium hydroxide, ammonia, tertiary sodium phosphate, dielhanolamine, 

5 ethylenediamine, and L-lysine. 

1 99. The multiple unit dosage form ofclaim 85, wherein the dosage form 

2 con^rises a tablet. 



1 



100. The multiple unit dosage form ofclaim 85, wherein the dosage form 



2 conqirises a c^sule. 

1 101. A modified release multiple unit system comprising units of glipizide, 

2 wherein the unite comprise: 

3 an inert core; 

4 a drag layer surrounding the inert core, the drug layer comprising gUpizide; and 

5 a rate controlling polymer layer surrounding ttie drug layer. 

1 102. The modified release multiple unit system ofclaim 101, wherein the system 

2 comprises a tablet 



1 



103. The modified release multiple unit system ofclaim 101, wherein the system 



2 conq>rises a c^sule. 

1 104. A modified release multiple unit system comprising units of ghpizide 

2 wherein the units conqnise: 

3 an inert core; 

4 a drag layer surrounding the inert core; 

5 a rate controUing polymer layer surrounding the drag layw, and 

6 a waxy layer surrounding the drag layer. 



1 105. The modified release multiple unit system ofclaim 104, wherein the units 

2 can be compressed into tablet, or filled into a capsule or a sachet; without affecting the 

3 desired release characteristics of drag. 



1 



106. The modified release multiple unit systm ofclaim 104, wherein the system 



2 comprises a tablet 

1 107. The modified release multiple unit system ofclaim 104, wherein the system 

2 comprises a c^sule. 
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1 108. A modified release multiple unit sj^tem camprising unite of venlafftYine^ 

2 wherein ttie units conq^rise: 

3 an inert core; 

4 a drug layer surrounding the inert core; and 

5 a rate controlling polymer layer surrounding the drug layer. 

1 109, The modified release multiple unit system of claim 108, wherein the system 

2 conqmses a tablet. 

1 1 1 0. A modified release multiple unit system comprising units of venla&xine 

2 wherein the units comprise: 

3 an inert core; 

4 a dmg layer surromxding the inert core; 

5 a rate controlling polymer layer surrounding the drag layen and 

6 a waxy layer surrounding tiie rate controlling polymer layer. 

1 111. The modified release multiple unit system of claim 110, wherein the units 

2 can be compressed into tablet without affecting the desired release characteristics of drug. 

1 1 12. A modified release multq>le unit system comprising units of a dmg wherein 

2 tile units comprise: 

3 an inert core; 

4 a drag layer surrounding the inert core; 

5 a rate controlling polymer layer surrounding the drag layer, and 

6 a waxy layer surrounding the rate controlling polymer layer. 

1 113. The modified release multiple unit system of claun 1 12, wherein the units 

2 can be compressed into tablet, or filled m cq)5ule or sachet; wifliout affecting the desired 

3 release characteristics of drag. 

1 1 14. A process for the preparation of a modified release multiple unit system of 

2 a drag, tiie process comprising the steps of: 

3 coating inert pellets with a drag and rate controlling polymer layer; 

4 coating with a waxy layer, 

5 optionally blending with pharmaceutically accqptable excipients; 

6 con:q)ressing into a tablet, or filling into a cqpsule or a sachet of suitable size. 
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1 1 15. A process for the preparation of a modified release multiple unit system of 

2 drag, the process con5)rising Uie steps of: 

3 coating inert pellets with a drug and rate controlling polymer layer; 

4 coating with a waxy layer; 

5 optionally blending with phaimaceutically acceptable excipients; 

6 compressing into tablet of suitable size. 

1 1 16. The process of claim 1 15, wherein the drug comprises venlafixine or a 

2 pharmaceutically acceptable salt 

1 1 17. A process for the preparation of modified release multiple unit system of 

2 drag comprising the steps of: 

3 coating drug containing cores with a rate controlling polymer layer; 

4 coating the rate controlling polymer layer with a waxy layer, 

5 optionally blending with pharmaceutically acceptable excipients; and 

6 compressing into tablet, or filling into cq>sule or sachet of suitable size. 



53 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World InteDectual Property 

Organization 
International Bureau 




liiaiiiiiiiiiiniiiiiiuin 



(43) International Publication Date (10) International Publication Number 

18 December 2003 (18.12.2003) PCT WO 2003/103637 A3 



(51) International Patent Classlflcation^: A61K 9/24, 9/26, 
9/28,9/52,31/4965,31/137 



(21) International AppUcation Number: 



PCT/IB2003/002186 



(22) International Filing Date: 9 June 2003 (09.06.2003) 



(25) Filing Language: 

(26) Publication Language: 



English 



English 



(30) Priority Data: 
617/DBLA2002 
1157/DBL/2002 
234/DEU2003 



7 June 2002 (07.06.2002) IN 
15 November 2002 (15.1 1.2002) IN 
6 March 2003 (06.03.2003) IN 



(71) Applicant {for all designated States except US): RAN- 
BAXY LABORATORIES LIMITED [IN/IN]; 19 Nehru 
Place, New Delhi 110 019, Maharashtra (IN). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): KUMAR, Pratik 
[IN/IN]; do Dr. Neelam Singh, Shivpri, Damuchowk, 
842001 Muzaffarpur, Bihar (IN). JAIN, Girish, Kumar 
[IN/IN]; 4, Sharda Niketan, Teacheis Colony, Pitampura, 
110034 Dehli (IN). RAMPAL, Ashok [IN/IN]; 14, 
Sewa Nagar, Ram Tnath Road, 143001 Amritsar, Punjab 
(IN). NmUYANANDAM, Ravikumar [IN/IN]; No. 
24. Bairavan Kovil Street, Dharaporam, Erode District, 
Periyar, Tamil Nadu 638 656 (IN). RAMAKRISHNAN, 
Sankar [IN/IN]; 24, River Bank Street, Madukkur, 



Thanjavur District, Tamil Nadu 614 903 (IN). RAGHU- 
VANSHI, Rajeev, Singh [IN/IN]; D8/8131, Vasant Kunj, 
1 10070 New Delhi, Delhi (IN). 

(74) Common Representative: RANBAXY LABORATO- 
RIES LIMITED; c/o DESHMUKH, Jayadeep, R., 600 
College Road East, Suite 2100, Princeton, NJ 08540 (US). 

(81) De^gnatcd States (national): AE, AG, AL, AM, AT, AU, 
AZ. BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU. 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI. GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC. 
LK, LR, LS, LT, LU. LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NI, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, 
SE, SG, SK, SL, TJ, TM, TN, TR, TT, TZ. UA, UG, US, 
UZ, VC. VN. YU, ZA, ZM, ZW. 

(84) Designated States (regional}: ARIPO patent (GH. GM. 
KE. LS, MW, MZ. SD. SL. SZ, TZ. UG, ZM, ZW). 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE. 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT. RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, a. CM. 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

(88) Date of publication of the international search report: 

13 May 2004 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



< 

-— - 

^ (54) Title: MODIFIED RELEASE, MULTIPLE UNIT DRUG DELIVERY SYSTEMS 

^ (57) Abstract: The invention relates to novel raodiiBed release multiple unit systems, and methods of preparing these systems, which 
can be easily compressed into tablets or filled into capsules or sachets without affecting the desired release characteristics of die phar- 
O maceutical active ingredients incorporated within the systems. The multiple unit tablet includes multiple units. Each unit includes 
^ at least one core having an outer surfeoe, a first coating layer surrounding at least a portion of the outer surface of the core and 
having an outer surface, one or more rate controlling polymers, and one or more one active pharmaceutical ingredients. The coating 
Q layer mcludes one or both of the one or more active pharmaceutical ingredients and the one or more rate controlling polymers. The 
^ tablet may further include an outer layer on the outer surEace of the unit which includes a material that is one or bodi of elastic and 
^ compressible. The material may be a wax materials, such as polyeUiylene glycol's (PEGS). 



INTERNATIONAL SEARCH REPORT 



PCT/IB 03/02186 



A. CLASSIRCA-nON OF SUBJECT MATTER . 

IPC 7 A61K9>^4 A61K9/26 
A61K31/137 



A61K9/28 



A61K9/52 A61K31/4965 



According to InlemattonaJ Paten! Classlflcallon (IPC) or to both nalionat ctessincallon and IPC 



B. RELDS SEARCHED 



Minimum documentation searched (dasslRcalion system foOowad by dasslflcatlon symt)ols) 

IPC 7 A61K 



Documentation searched otiier than minimum docunnentatlon to the extent thai such documents are included in the fields searched 



Electronic data t}ase consulted during tiie International searcii (name of data l>ase and. where practical, search terms used) 

EPO-Internal , WPI Data, PAJ, EMBASE, BIOSIS, MEDLINE 



C. DOCUnflENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with IndJcatlon, where appropriate, of the relevant passages 



Relevant to dalm No. 



wo 99/12524 A (NYCOMED DANMARK A S 
;BERTELSEN FOUL (DK); SKINHOEJ ANNETTE 
(DK)) 18 March 1999 (1999-03-18) 



example 1 
claim 51 

page 33, line 31 



- line 35 



US 4 713 248 A (KOORNAES KIM ET AL) 
15 December 1987 (1987-12-15) 
cited in the application 



examples 2,7 
abstract 



1-9.12. 

29-35. 

37-39, 

68-70, 

73,76,77 



1-4,6-9. 
12,37, 
38,68, 
69,73,76 



-/- 



m 



Further documents are listed in the continuation of been C. 



|y I Patent femliy memt)eis are listed In annex. 



* Special categories of died documents : 

*A* document defining the genera! state of the art wliich is not 

considered to be of particular relevance 
'E* earlier document iMt published on or after the International 

fOtngdale 

*L' document w})!ch may ttirow doubts on priorily da}m(s)or 
wtilch Is died to estabOst) the pubDcalbn date of another 
dlatlon or other spedal reason (as specffied) 

'O* document refening to an oral disclosure, use. exhibition or 
other means 

•p* document published prior to the International filing date but 
later than the priorf ty date claimed 



*V later document published after the international fiDng date 
or priority date and not In conflict with the application but 
died to understand the principle or theoiy undevtying the 
invention 

*X' document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y* document of particular relevance; the claimed Invention 
cannot be considered to Involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person sMIIed 
in the art. 

'&* document member of the same patent family 



Date of the actual completion of the tntemationa) search 



9 September 2003 



Date of nrtaiSng of the international search report 



22 OV 2D04 



Name and mailing address of the ISA 

European Patent Office. P.a 5818 Patentlaan 2 

NL-22BOHVRgsw5k 

TeL (431-70) 340-2040, Tx. 31 651 epo nl 

Fax: (+31-70) 340-3016 



Authorized offloer 



Sindel, U 



INTERNATIONAL SEARCH REPORT 



C.(CanUniiaUen) DOCUMENTS CONSIDEREO TO BE RELEVANT 



PCT/IB 03/02186 



Calegory* Ctatlono(di>cumeid,wUhlRdcallon,whereappn)pi1ale, of Ihs relevant passages 



Relevant to cbbnNa 



US 5 783 215 A (ARUIDSSON HANS 
21 July 1998 (1998-07-21) 
cited in the application 



claim 1 
examples 1,5 



ET AL) 



X.P 



WO 03/041692 A (KARMA PHARM LTD ;SELA 
YORAM (ID) 22 May 2003 (2003-05-22) 



examples 1-4 
claims 1,6 



1,4-6,9, 

13,14. 

29,30. 

32,33. 

37,38, 

68,69. 

73,76 



1.4-11, 

13,14, 

29,30, 

32,73. 

108 



INTERNATIONAL SEARCH REPORT 



PCT/IB 03/02186 



Box I Observations wtiere certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This Internationa) Search Report has not been established in respect of certain claims under Article 17(2)(a) tor the folbwing reasons: 

1. [x3 Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 

Although clairas 73-77 are directed to a method of treatment of the 
human/animal body, the search has been carried out and based on the alleged 
effects of the composition. 

2. HciaimsNos.: 1, 41 (part.), 68, 73 (part.), 82 

because they relate to parts of the Internationa! Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specificaDy: 

see FURTHER INFORMATION sheet PCT/ISA/210 



3. Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is laclcing (Continuation of item 2 of first sheet) 
This International Searching Authority found multiple inventions in this tntematlonal application, as follows: 

see additional sheet 



1 . I I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
" — " searchable claims. 

2. rj AS all searchable dalms could be searched without effortjustifying an additional tee, tM^ 

of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
' — ' covers only those claims for which fees were paid, specifically claims Nos.: 



4. lyj No required additional search fees were timely paid by Uie applicant Consequently, tills International Search Report Is 
restricted to the Invention first mentioned in ttie claims; It Is covered by claims Itos.: 

1-14, 18-40. 41-67 (part), 68-72, 73-77 (part), 101-103, 108-109, 114-117 



Renrarlc on Protest | [ The additional search fees were accompanied by the applicant* s protest 

[ I No protest accompanied the payment of additional search fees. 



International AppUcaBon No. PCT/tB 03 i02186 

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 21 0 



Continuation of Box 1.2 



Claims Nos.: 1, 41 (part.), 68, 73 (part.), 82 



Present claims 1, 41 (part.), 68, 73 (part.) and 82 relate to an 
extremely large number of possible compounds and products. Support 
within the meaning of Article 6 PCT and disclosure within the meaning of 
Article 5 PCT Is to be found, however, for only a very small proportion 
of the compounds and products claimed. In the present case, the claims 
so lack support, and the application so lacks disclosure, that a 
meaningful search over the whole of the claimed scope is impossible. 
Consequently, the search has been carried out for those parts of the 
claims which appear to be supported and disclosed, namely those parts 
relating to the formulations mentioned in the examples. 

The applicant's attention is drawn to the fact that claims relating to 
inventions in respect of which no international search report has been 
established need not be the subject of an International preliminary 
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO 
policy when acting as an International Preliminary Examining Authority is 
normally not to carry out a preliminary examination on matter which has 
not been searched. This is the case irrespective of whether or not the 
claims are amended following receipt of the search report or during any 
Chapter II procedure. If the application proceeds into the regional phase 
before the EPO, the applicant is reminded that a search may be carried 
out during examination before the EPO (see EPO Guideline C-VI, 8.5), 
should the problems which led to the Article 17(2) declaration be 
overcome. 
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This International Searching Authority found. multiple (groups of) 
inventions in this international application, as follows: 

1. claims: 1-14, 18-40, 41-67 (part.), 68-72, 73-77 (part.), 

101-103, 108-109, 114-117 

Multiple unit dosage fonii, each unit comprising at least one 
core, a first coating layer and an outer layer 

2. claims: 15-17, 41-67 (part.), 73-77 (part.), 104-107, 110-113 

Multiple unit dosage fornix each unit comprising at least one 
core, a first coating layer, one or more additional layers 
and an outer layer 

3. claims: 78-81, 85-100 

Multiple unit dosage form, each unit comprising at least one 
core and a coating layer 

4. claims: 82-84 

Conbination drug comprising two different multiple unit 
dosage forms 
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